WD 2004/ 050589 PCT/ US2003/ 028655 -1 CATALYST FI NES
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di sposal - of catalyst fines in a process for
converting nethanol to an ol efin product. BACKGROUND
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referred to as the oxygenate-to-olefin process. The preferred oxygenate for light

olefin production is methanol. The process of converting methanol to olefins is
called the methanol-to-olefins process.

[0004] There are numerous technologies available for producing
oxygenates, and particularly methanol, including fermentation or reaction of
synthesis gas derived from natural gas, petroleum liquids, carbonaceous materials
including coal, recycled plastics, municipal waste or any other organic material.
The most common process for producing methanol is a two-step process of
converting natural gas to synthesis gas. Then, synthesis gas is converted to
methanol.

[0005] Generally, the production of synthesis gas involves a combustion

reaction of natural gas, mostly methane, and an oxygen source into hydrogen,
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gas production processes are well known, and incl ude
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a conbi nation thereof. [0006] Synthesis gas is then

processed into nmethanol. Specifically, the conponents

of synthesis gas (i.e., hydrogen, carbon nonoxide

and/ or carbon dioxide) are catalytically reacted in a

met hanol reactor in the presence of a heterogeneous
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produced using a copper/zinc oxide catalyst

wawel keoval, edd indhudea¢onvedtivmabiteane acfommning | HARErmId @eforming or

met hanal is then converted to olefins in a
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D psalr?‘t(l)clesI thatfpass through the particle size separators or cyclones are referred to as
catalyst fines. After passing through the cyclones, catalyst fines are carried into
the effluent stream. Typically, the particle size separators retain catalyst particles
that are above 40 microns in size. Catalyst particles are removed from the effluent
stream in a quench device. The catalyst fines are suspended in a bottoms stream
of the quench device. It is desirable to separate the catalyst fines from the bottoms

stream of the quench device before the bottoms stream is disposed of or reused.

The present invention improves the value of the water for reuse. Disposal of
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the water conponents of the bottons stream of the
wa@e@aokssdevi ce is inproved as a result of theP@r/Eesmn3/028655

invention. [0009] U S. Patent No 6,121,504 describes a

guench apparatus for an oxygenate to ol efins process

as well as a process for using a qguench apparatus.

The process renoves water fromthe effluent stream as

wel | as sonme oxygenate feedstock such as nethanol.
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and effective way of clarifying the | iﬁi d fraction
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ol efin roduct(s). The reactor effluent streamis
emthqinnég-vw th catal yst fines. The reactor effl uent
streamis quenched to produce a liquid fraction and a
quenched effluent stream where the liquid fraction
CRUTMMARSAOE PEE INVIESTIORE quenched effluent stream
comprises the one or nore ol efin product(s). The

prl08Eds f ur tTherpresent invention is directed to a process for disposing catalyst

fines produced in an oxygenate-to-olefins reactor. The process enhances the way
catalyst fines are separated from the liquid fraction of the quench bottoms or by
product-water by use of a flocculent. The process of the present invention is a
desirable and effective way of clarifying the liquid fraction from the quench
bottoms by removing suspended catalyst fines.

[0013] The process of one embodiment of the present invention comprises
the step of providing a reactor effluent stream having one or more olefin
product(s). The reactor effluent stream is entrained with catalyst fines. The
reactor effluent stream is quenched to produce a liquid fraction and a quenched
effluent stream, where the liquid fraction contains catalyst fines. The quenched

effluent stream comprises the one or more olefin product(s). The process further
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transporting the liquid fraction to a separation
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Then, catalyst fines are separated fromthe liquid
fraction. [0014] In another enbodinment, there is a
process for disposing catalyst fines produced in an
oxygenat e-to-ol efins reactor.4The process conprises
several steps including providing a reactor effluent
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bagfé’élmﬁpon the total weight of catalyst fines in the
r r effluent t eqaleactor ef nt. strea
| OBLE R ot el €l K iRl Byt
quizies pestivetd Iienbxypleh@and-olfi@s réatbrd The 3eddeddIcomprises several
conprises the catalyst fines. The quenched effluent
stYiersnneloding Breyidingrajreadtery cidiuenthereame havingone @l mbienolefin

d . The liguid.f t] is t t t
RN TS SR e, HRRRRI S L v
| PR 10Fwilo6 98 lesh BPthekathly sBARIHAS la%ﬁﬁ&‘f’eif B Ereater than 40

there is a process for disposing catalyst I nes
produwsd basedampanx thgetote] ewtightobffcatalyst aet du .theTheactor effluent

process  provides reactor. effluent styeam having one
orSUEBPe T@lﬁéﬁ%cwrpﬁf@m figeam isgienshed dp Brodufs p gAY fsxctigRAnd a

i i i at - fi (o) I t

o1 St A e e i 28 cRafr R Nyt 8, The
qupratted efffubnte Btresh r @atpriséhen ottt 6f abd ioM8 or more olefin
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fines to the weight of the flocculent is |ess than the
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overdosi ng. BRI.EF DESCRI PTI o T W\ 16

FiAGRaT 10 BEYPE pB ot Ra'<,0lEha Prodb et opecgy St sram

0XY G9R8#n8d twitl| afalyds finks aNThAGERIA &8ub 8R8m is quenched to

embodi ment of the present invention. [0017] Figure 2

i Irodiceat Bquid fraction smdf oqueeped affiuegt sotdnls Threolinwidtferction

! ncon‘%?nes c%g?}%g Iﬁrlggsr?t Tl%c quel}l%th( gf%%gl%t S%‘GEII% c%lm%cr{sgss th%lo%gto'r more
olefin product(s). The process further includes separating the catalyst fines from
the water in the liquid fraction with a flocculent. The ratio of the weight of the
catalyst fines to the weight of the flocculent is less than the amount at which the

given flocculent results in overdosing.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Figure 1 illustrates the overall process of an oxygenate to olefins
plant according to one embodiment of the present invention.
[0017] Figure 2 illustrates a process for separating solids from water in

one embodiment of the oxygenate to olefins plant.
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DESCRI PTI ON OF THE | NVENTI ON | ntroduction and
w@@nvsEsy [ 0018] The present invention is a nepddSmn3/028655

handl i ng and di sposing catalyst fines in an oxygenate
to olefins process. To aid in the understandi ng of
the present invention, a brief overview of the
processi ng steps of produci ngs.and using one or nore
ol efin products from an oxygenate feed streamis
di scussed wth reference to Figure 1. The oxygenate
to olefin reactor 10 converts an oxygenate feed
StDEBAILBEDADBSCRIETIONOBAHE INVENDEGNOUS out put
stream of an_ _oxygenate to olefin reactor 10 is

t1 hd ent stream The reactor effluent

d 11
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quanGhedndin dNexyleBite 3% oRAE pRIcREs. 1E0 GRPINSthE RBderstanding of
ef fl uent stream and renoves water and catal yst fines

f tgrptehent éfivdntiont a btiekavarvieWhad the es@mssingisteps obproducing and
relates to the tf?atrreglt& o;r cat al XSt fines.in the ste
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The quenched efffuent strea en undergoes a step o
waxkpgdamgteafedd sdeathigtolah dlefippestince dhegasduebidpuestieam of an

stream Washing the quenched effluent stream renoves
acRysEBipbh ekt yeactond Ogp fdefiaed astthe sfflueatisheam. e reactor

g . . E
ot s SRS Bt Mo B o s ot s
drilyd fe@ctot ageo tHCHOHAES iqREEREI 17Y BiieefiSp bOqlicRBRME 12 cools the

addi tional oxygenates. [0020] The dried effl uent
steffdugnf shesm ndaegores watst @apd ehtatyst dines ifiom theeelllyppuif strgam.

oS S dav b il o g e e bitlysifes in the sop of
aGReRihaty €2 91Rdeddal inRHé bt‘é%f of QehBaY fsi SpibAAl compression of the

application. Thereafter he recovered ol efin products
arefflugmésirdam.var i ous product applications 18. For

e e, the,olefins.a used in.a polynerizatiaqn .
oBERAS ¢ o niRempityarbRieH it BRotees grfan pashing and
Iolra\égﬁguqntd rodllcd ARI-RYETRMNt tsBebl® BRGHS ShOlquBRtbd L ffluent

I As from an oxygenate feed stream Accordi ngly,
t Iseregn @s@Nves MmidwbnPONAAE ROMS/ FHOGR St KEP0R3C0286B5ing

removes water that is saturated in the quenched effluent stream. Optionally, the
washing and drying stage includes processing steps to remove additional
oxygenates.

[0020] The dried effluent stream then undergoes a step of recovering the
olefin products 16. Particularly, light olefins, i.e. ethylene and propylene, are
recovered in an acceptable grade of purity for a particular application. Thereafter
the recovered olefin products are used in various product applications 18. For
example, the olefins are used in a polymerization process to make polyolefin
products. The present invention is an improvement to the process of making

olefins from an oxygenate feed stream. Accordingly, the present invention
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in the manufacture and use of olefins from an
woxygoensse feed streamis di scussed bel ow. ThePCT/US2003/028655

Oxygenate to A efin Reaction [0021] As shown in Fig.

2, an oxygenate feed streamis fed along line 20 into

an oxygenate to olefin reactor 22 producing a reactor

ef fl uent stream 24. The oxygenate to olefin reactor

22 uses a catalyst, ' particularly a nolecul ar sieve
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alintp hatoxggamntd @i akfgreecoplipdducing pireakdryefdwmt sireasn 24. The
from1l to abput 50 carhon atomns, prefe[a?l from1l to .
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arndipkatigydoniainiag prampowidiy | - dilief io#es gudrrras alphatigtcontaining
sul fide,.al kyl- .am nes _such as t hyl L Re,

2 P S dpets RO Bt P a T oy Rresappl atdehydes
andtones Byd eaykylRt Neds, ebleksy haliddsi HRScaptil @sfidee} M the like,
chloride and ethyl cﬁ?orlde, alkyl ket ones such as

diamé nhiyturdsghemef. Fheraliphatchndiety, ofzthd aliphatioteontaiinis canmgecynds
as .acetic acid. 023], In referred enbodi t o

* e BB et Hom Rl o, B s, SERBET Mo o 20
O %SRA3SEmE, 8RGkSIERRBy BBAL | 48118 da¥b@NatBh¥ 9GTe sl §8frably
streamis a feed streamthat conprises one or nore

orfgami ¢o dcagbonntbppss) cont ai ning at | east one oxygen

atom_In the_nost preferred odi ment  of the
t -ﬁ@s&y@e%%%ﬁﬁs r??ta

i 10&i on, Rhaieyrgaianing pumpounds inghyde:
i 0 s gohol , er. lLpRat|

MRG0 Sy TS, BLREEL G, EAE Aok 2 ey
almabaptdrs and ashyflr merchptan, 21Qyl-adfitdan swhoas mqhiydf eifadd, yalkyl-
from1l to 10 carbon atons, and nost preferablg froml
WBEnG49u9B G5 guethid e gy loghgs such as dimethyl ether, diethyl ether

and methylethyl ether, alkyl-halides such as methyl chloride and ethyl chloride,

alkyl ketones such as dimethyl ketone, formaldehydes, and various acids such as
acetic acid.

[0023] In a preferred embodiment of the process of the invention, the feed
stream is an oxygenate feed stream. Particularly an oxygenate feed stream is a
feed stream that comprises one or more organic compound(s) containing at least
one oxygen atom. In the most preferred embodiment of the invention, the
oxygenate in the oxygenate feed stream is one or more alcohol(s), preferably
aliphatic alcohol(s) where the aliphatic moiety of the alcohol(s) has from 1 to 20

carbon atoms, preferably from 1 to 10 carbon atoms, and most preferably from 1



7 to 4 carbon atons. The al cohols that are useful in

t he oxygenate feed stream include | ower straight and
whe@aohsso chai n al i phatic al cohols and their PCT/US2003/028655

unsaturated counterparts. [0024] Non-limting

exanpl es of oxygenates include nmethanol, ethanol, n-

propanol , isopropanol, nethyl ethyl ether, dinethyl

ether, diethyl ether, di- isopropyl ether,

formal dehyde, di methyl carbonate, dinethyl ketone,

agelyl &, n h

e S SarBl trom I oo B R A e R 1t 8 by b TP Sheam

c anqiudesssved ¥y ghtadnd brawhed tiedn hlipimtiongcoholsrand ehedf unsaturated

nmet hanol , ethanol, dinmethyl ether, diethyl ether or a

CGRBIAERISN t her eof, nore preferably methanol and
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oxygenat es, particularly al cohol's, froma hydrocarbon

f e@qbscnmd Lctheprfefrealddi}ydeadlh}ednd cartiooategdisnetisd dstanekacetic acid,
gﬂgr ef erg g nmet hane and/ or ethane. The first step
fs passi ng the gaseous hydrocarbon
f G@lﬁ%ock Rk eﬁl@rﬁgé‘cypﬂeﬁr&@”&hﬁ@ﬁﬂn@ﬂt bt bog ot lieed stream
stream to a synthesis gas production zon &0 produce
a coyptibesoxy ggamey mjm:tdaleﬁom @asyr moéreadmethSyoht dtkaiod, djasthyl
productjaon_is well known, and typical syntheS|s gas
t SHiser diethyvd ethegy Pncwién%t&ag@eeiﬁoﬂf PoRs PEefeiablyonethagol and

a G AP jessures are in the
r gﬁ%éthgfgg bm a 3%{&%@%@ I?o a out 100 MPa. Synthesis
gde024]r eans Ialbae emboditrat] the @Vigh@dteifeall sgaan iPRbaed Bm an

l'i qui ds, and car bonaceous materials such as coa
r e@tygna‘éqsi pragsss dor raipdusingaloxyeenatesomaginplasyh alcobelgarfiam a

S B DS TRRC e F R LSRR, B Rhery
a rﬁ@hﬁfeoﬂﬁﬂ&%'tﬁaﬂ@t At Stisst shepi BatHeYprdc&8 NP HashiAS 8Be gaseous

catalyst, is contacted with a synthesis gas stream
tyvdmmwncﬁﬂdﬁ@¢pM|m¢fﬁmblyam copwitiatinn nwitly)d oleaternsiream, to a

hydrogen to pr.oduce an al cohol r ef erabl t hanol

o VRRES g BRI b FFOUIGE B FRBRSIS 485 LWIOHT irAD), stream.
t I

| RS IS ProiRRot il GRSy oY ORI fratures
syand inethe sange @f Srorreabout 7O Cr t@radpeouiof200PC amd bmthests ddR@apréssures

about 10 MPa sed WO 2004/ 050589
p@qqu p}gég@g]ggglé%g about 2 MPa to about 100 MPa. Synthesis gas streams are

produced from natural gas, petroleum liquids, and carbonaceous materials such as

coal, recycled plastic, municipal waste or any other organic material, preferably
synthesis gas stream is produced via steam reforming of natural gas.

[0027] Generally, a heterogeneous catalyst, typically a copper based
catalyst, is contacted with a synthesis gas stream, typically carbon dioxide and
carbon monoxide and hydrogen to produce an alcohol, preferably methanol, often
in combination with water. In one embodiment, the synthesis gas stream at a
synthesis temperature in the range of from about 150°C to about 450°C and at a
synthesis pressure in the range of from about 5 MPa to about 10 MPa is passed
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an oxygenate containing stream [0028] This oxygenate
W@ 0wasissng stream or crude net hanol, typi cal PET/US2003/028655

contai ns the al cohol product and various other

conponents such as ethers, particularly dinethyl

et her, ketones, al dehydes, dissolved gases such as

hydrogen nmet hane, carbon oxige and nitrogen, and

fusel oil. The oxygenate containing stream crude
fla chibohN&id ebrrgsh e8hodh ;B?Q&uc'esarp%ﬁ?&ﬁate containing
through a well known purification processes

digteninl ati on, separation and fractionation, resulting

WQ urlfleﬁgox ygenat e contai ning stream_ for
ex ﬁ% conhiip (XX Benate, qentaina strogm, n%‘t piade metihpal, typically

p t r i n
rur{()ﬂn%{u%d t@%&%pﬁle ﬁgo%?lgtte %{611{1] e%lé)gl% 03 eam Hcﬁ%gts QUC?]I G5 ethers

exgidutalyolingtp @RS ketdnes, NADFHES, ABsARedXIGE @lﬁi}@sf}g@%gen

strean1fron1hydrocarbons and using it to produce

ol Bethpge, |C§rhs>@s@ﬁdmmd inirqeengand) fgeB od45Thevekygenate containing

herein fu ated by .ref.erenc 0029]
Vel oHids!me b BOE P TR e o e huieh a well
StitRMBpurifitiafien! ?ﬁﬁ:@ss%? Cﬁiﬁﬂl'#h%n CQUREDE And rﬂa@ﬁﬁﬁa{t%n' RsBiting
one or nore ol efin( The ol efin(s) or olefin

rrtmca“r}mr(ﬁﬁ)i q@qygcmtee@bmtalmngtstream,ebd esarnldamwmpemmﬂ IGrade A and

have fr 2 to 30 on at ons, eferably 2to 8
C affggo Fﬁ'ﬁ ep‘Hffréq%e Pﬁlﬁgili‘atf £ t?imh“&r BBFAm o ofged in one
Stéﬂlﬂod‘ffﬁé@c ef%r £ %&ﬁéﬁlﬂé{ LP shledn’ Shrﬁ][&ﬁg%é]aﬁB%s B! process

preferably et or propyl ene.
* Ndfior | roducingg aﬁX(mygémeﬁ;e (féecb seédnm ﬁmnomjﬁir(ﬂ@)bdnﬁ Cdnddesing it to

et hyl ene, propyl ene, butene-1, pent
4-BrRdyRg| olsEing eif edescribre aneER-B-0 0t 93a- 145anwhlchetse|h§reln fully

1ﬁ&§.h@ﬁg{e¥1b§,trg%te%g propyl ene, butene-1, pentene-1,

ene- hexene-1, octene-1 and isoners
t r[e(mqf Ot NBtfe @h@disn fogdn @ti’@lh(@)prbﬂéﬁibwj Oxypéhd Yol 8feams,
nmononers, diolefins having 4 to 18 carbon atons,
c shsiged ebovt arﬁ@ﬁnvqrt@djpa@@ﬁréﬂ intp one ot npm 9lefins). Fheplefin(s)

NONORES S and I|c

prefert e%m%%%‘ﬁ rpé?lquceg fqémf g’gcfo %‘? %eﬂﬂ ty&c@%lg?’%‘f {romy2 to 30
OX¥ERMAEmE CHRESABIE Mo BScasli 8lohRd nidde tpP&eﬂ%@SQ N6 @Zubon
a mol ecul ar sieve catalyst conpositioninto olefin(s)

h awrng stillt mo prafebabiys 240 chearbgnsedtemaldngd Rostréfecbiybethylene
Zt preferably, the ol efin(s), alone or
(?rrpé‘?l?y “are converted from

[0030] Non-limiting examples of olefin monomer(s) include ethylene,

propylene, butene-1, pentene-1, 4-methyl-pentene-1, hexene-1, octene-1 and
decene-1, preferably ethylene, propylene, butene-1, pentene-1, 4-methyl-pentene-
1, hexene-1, octene-1 and isomers thereof. Other olefin monomer(s) include
unsaturated monomers, diolefins having 4 to 18 carbon atoms, conjugated or non-
conjugated dienes, polyenes, vinyl monomers and cyclic olefins.

[0031] In the most preferred embodiment, the feed stream, preferably an
oxygenate feed stream, is converted in the presence of a molecular sieve catalyst
composition into olefin(s) having 2 to 6 carbons atoms, preferably 2 to 4 carbon

atoms. Most preferably, the olefin(s), alone or combination, are converted from



WD 2004/ 050589 PCT/ US2003/ 028655 -9 an oxygenate feed

stream preferably contai ning an al cohol, and nost
w@e@ios@Ekd y nethanol, to the preferred ol ef i nP&/US2003/028655

et hyl ene and/ or propylene often referred to as |ight

olefin(s). [0032] The nost preferred oxygenate to

ol efins process is the nethanol -to- ol efins process.

In a nethanol -to-ol efin process, a nethanol containing

feed streamis converted to olefins in the presence

2? tnﬁéé“fékq tsﬁle:a%ll %@é%sagﬁfa&o%{ta}fﬁl%mﬁ% al&ﬁﬂbf"l ahdtmost preferably

n one’e

”ﬁieﬂﬁ!ﬁ@l ¢ GreQrefeirs ofefingd) tityldie andak ptopylene @fieagefeired to as
i s nol ecul ar ‘si eve catal yst conmposition. [0033] In one
etigbicilef(s). of the process for conversion of an

0 ate ed s t he n al ef |

pﬁi%gﬂed ba ]l’rﬁ%%g §Vg%r'é{?éﬂ oleg{,ns PRRFGY rsolé z%ebmethaml'to'
PLRENS ﬁﬁioée%s g rlﬁaé ShethARNtR0lHR StesB el GREthandD rd%)ﬁﬁhﬁﬁé Yeed
greater than wei ght percent, nore preferabl

gseatne is ¢dmart&0tovwie@tkst ingbe pEsencearich mcthanolmeieéyma lshplyst or

ter than, 75 ht L, (00341 As note
O RSB PemPiTe T ApF (R BBL s 006 Bletep U B, catalyst or
C%&tﬁ f SIthH'1§&H e"'.’}[llauS 1@\\/@ca?§}%§llc¥§1 o&RGROSI tions.

ar sieve cata yst mpositi ons have

mpoosayl ar sievee ambodinaess tiedirocessridrrdonversivardafain. oxypenate
nol ecul ar sieve catal ysts are pr epared accordin

té@ldnfﬁtqq@es thp sameng gfnelgAngsd psodysed sbéﬁpdopnothautﬁ%l iﬁgeight of

A ;fdrog\zggortl E\‘eﬁﬁ%{’e}&ﬁ %lha%ﬁ&&%ﬁge%&ﬁé&éﬁ%ﬂ%ﬁﬁ%lthan 60
Dh¥eig rccglgomogg(}greﬁ@;ly Kdréaterl Bdn  Z0OMweightT Herd¥hlN, and most

PAU, P , THO,” AFO, AEL, EUO, HEU FER, IMEL,
NerefeMMngfaf,thardﬁ WEigInt pereant. ANA BEA, CFl, CLO DON

€ TL, R, . MAW and SOD. and subst | tute

R
%@s@%r%n&l@&lﬁpﬁ&%uéaﬂlyﬁ'c%}fﬁ)oklﬁoﬁ‘s ZeRd hloldeul sieve catalyst

zeolltlc type nolecular sieve. Aternatively, the

preefnpositchshhvec wlodecubir esievel andirbindek Lmidfoo phnetsph ataterial.  The

(ALPO) no| ecul ar sieves and/or |I|co um nophosphat e
( Srpesularsieye ﬁﬁ%ﬁyse.aé%rgp%rﬁ 2CGoEPg {Qutes lqwéﬁaéraa‘glngn toa

nﬁgﬁgﬁgyt}ﬁﬁrne m)ﬁ @{EF;Q and/or SAPO nol ecul ar si eves

I'ng t ar sieves that are intergrowth
r‘nE[O(BSI] al s hafolagularweicoe mduée dékEl,l AET, pARGed TN, ATT, ATV,
stalline structures wthin_on
WW, BIK, CAS, CHA, CHI, DAC, DDR EDI ERI, GOO, KFI, LEV, LOV,
LTA, MON, PAU, PHI, RHO, ROG, THO, AFO, AEL, EUO, HEU, FER, MEL,
MFI, MTW, MTT, TON, EMT, FAU, ANA, BEA, CFI, CLO, DON, GIS, LTL,

MER, MOR, MWW and SOD and substituted forms thereof; and the large pore

molecular sieves. Preferably the molecular sieve is a zeolitic or zeolitic-type
molecular sieve. Alternatively, the preferred molecular sieve is an
aluminophosphate (ALPO) molecular sieves and/or silicoaluminophosphate
(SAPO) molecular sieves and substituted, preferably metal substituted, ALPO
and/or SAPO molecular sieves including the molecular sieves that are intergrowth
materials having two or more distinct phases of crystalline structures within one

molecular sieve composition.
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PCT/ US2003/ 028655 -10 [0036] Binder materials that are
W@ @058 one or in conbination include vari OPCST/USPE3028655

of hydrated alumna, silicas, and/or other inorganic

oxi de sol. In one enbodinent, the binders are alum na
sol s including include Nalco 8676 avail able from
Nal co Chenical Co., Napervillig, Illinois, and Nyacol

avai l abl e from The PQ Corporation, Valley Forge,

P | vani &; Mat.g i ' I ne - Qr
Vel o i b A Blche (B IR nclude
t iviafiB Bty p2d dfdgdtated dM@RES siticas! el oreuthdranotohnia oxide a6l 2n one
silica or sols, and m xtures thereof, for _exa

. le |
siembedimeniribe bidess 4rg elinging sepineluding inchude Nadeq 8676 available

sidica-al 1 na il i canalunm na-t ia, In

o it ot Cheedt Lo ans R GRS and R b bl oy The PQ
A drPOEBor, Vailley MBrdealbrris@Hamh, MONt MOri | onite and

kaolTn. These natural clays include sabbentonites and

t H08¥]kaol i Mdatkimonaterals ifidude encaompinere of: xare, caktbNaetels, metal
Ceorgia and Florida.clays. Non-lim.tin xampl es . of

S Saeiing i Siurertt asdiaga. hatitn LRy BEF: sifacor sols.
di i i ’ r ke, leitl BCE i ngth .
seaﬁgcl%%\wrtg {J/lﬁ{g éog’r t(;o?eer r egw(hilgg%angkg%ﬁa? pS }lgcg%%gﬁl?hc 1E£§tama,
etsiljdaeienma cha rsiljza abythi@naehdriao Nint dneemioodi@est, aratrdd materials are

oxygenate using a nolecular sieve catalyst . .
cdigpBeli elpph sid ae dhasehliem; the Jamiligsefe proniggorilonitg 7angh kaolin.

cltBSEapnld) S dhona Rablshuoflies dod ke RBlAS M s, fo

0.ekahpleyiDi:a6, MeNa@bé, Geigh and Uldridaioser pNundliafingexamples of
reference. [0039] The feed stream preferably an )
0>0less meatidx matatiakstineludg: halpysite kaeliigddigkite, naergat ofiapauxite.

di | ts, tvypicall d, ¢ th
ool vt et e st ES ot R bR o soon as
StdifAe AAfbr PrSpyUeRetch ki é&@ersfoﬁaﬁtah\b%y%&lﬁ%i@g?& n6®cular
ingredients in the feed stream or nol ecular sieve

C@Bﬁ@leysatalystoquSitioo_nis fiemaribédhiin |Ul§ PatenpNes @137,022 (linear
0 0L OB S BShBEE Tl %ol v

Rg?%éxecﬁ% 'le;é d@ﬁ)?{z&igﬂ%re él?ﬁé???ifé‘lw iﬁc@fplﬁﬁ@cﬁﬁ?ffé%fe&%

ane, ethane, propane), essentia on-
r §a@3djve ar dimet feed csirepm) ateferabivd ani ostygewse tfbal agéam,The one
nost, preferred diluents are water and nitrogen, wth
dyasitg cpalains c anarqty MorefElest. tyrea) to reduce the

]9 ioéroﬁ]géﬁt(t)rratié\ﬁgf The aicﬁvé" ?r?gqecﬁé&tp il thie Tedd étlkegtﬂl, %8 rareagéﬁ%&?lry non-

reactive to the active ingredients in the feed stream or molecular sieve catalyst

composition. Non-limiting examples of diluents include helium, argon, nitrogen,
carbon monoxide, carbon dioxide, water, essentially non-reactive paraffins
(especially alkanes such as methane, ethane, and propane), essentially non-
reactive aromatic compounds, and mixtures thereof. The most preferred diluents
are water and nitrogen, with water being particularly preferred.

[0040] The diluent, water, is used eitiler in a liquid or a vapor form, or a
combination thereof. The diluent is either added directly to a feed stream entering

into a reactor or added directly into the reactor 22, or added with a molecular sieve



conmbi nation thereof. The diluent is either added
directly to a feed streamentering into a reactor or

w@odaedsdsy ectly into the reactor 22, or added PET/DSH03/028655

nol ecul ar si eve WD 2004/ 050589 PCT/ US2003/ 028655 -11
catal yst conposition. In one enbodi nent, the anmount of
diluent in the feed streamis in the range of from
about 1 to about 99 nole perqgent, preferably from
about 1 to 80 nole percent, nore preferably from about

5 .an 0
sl Rpptlicf" Ia T cmBOELERE Y ol 8P Wik, EDtrg feod
t ereaatis ethe anenerémebotithe td st 99 meslenppicast, @idfetably from
in the feed stream [0041] In one enbodi nent, other

hyaeeic hihShsnode perserte toropicksatile digm gbqus Anto ahort &9, prymost

oSN b e TGty B s o
f Ghe SotRERbAPLhedts Hiathe Med Naeart %)ﬁlg Gildérd in tiRoEEd §RANOT

aromatics) or mxtures thereo preferably propyl ene,
bube4ld, pentlenme embddiotehtrothgrdhylracdroors f@vadigd4toothe feed
nore carbon _atons, or i xtures thereof 0042] .The .

o rGERBSPrEisably RNepRie ol SR HE Qﬁfctlevs%ele lﬁlqﬂ,va gl include
. a SR j 351 of C
siclge%fgﬁ@é?gﬁagglf@go%%%& t |)Io§e(|g 2& cg% ri egqg'gf Pai?er]%1 a ECHERT,242,
r esdditionrof pramaRs) onmixtiea diedeof 2Rreferdtdy erdpytenpy beass peigene,
a fixed bed process, .a fluidized bed process,

pragd othes hydracarbens hayigst ¢1 mpigicadenisiaans, op pustyres ghegeof.
; | . o ST
oA TS HLL G YELAE O ff fnac

Pl fa€dstiedmein IRy presenc® bf & BlobdcMlat Sieve @AY QlcdmPYSiHoR s carried out

hybrid reactors that have a dense bed or fixed bed
zdndsteasignarocesagn afrpasiati 22e avhigsdthe eseqeois 2 Gned bed process, a

c lL.ed, together, ciyculating.fluidjzed d, reactors,

- BB bEP BIUets, mibtb h B irplt HhREER oL AlRERa A most
I §6feRiblyl ¥ QBSinBo®s hi%ﬁ%@lbbi%ﬁﬂuiﬂﬁecﬁ 8Ed preaeml e U. S

Patent No. 4,076,796, U S.” Patent No. 6,287,522 (dual
ri[8643], and THeuiedtizat iporcesSag)icae daken@lac®.inKarviatietanal Gitalytic

RRISR LS e CHEE CHRLL BB CRTRER s e

| GQr ARBEE dbelaly rdafi6f SRGE c[nggéltlf' ]Sto rPr&EQL glruidized bed

oxygenate to ol efin reactor riser reac
Rirsautors edsdroresctarse agénhe dikey Sesable lredvdantioRalsenctor types are
Reactor, Fluidizatiogon and Fluid- Particle Syste

pelfeaing ip JOBexaDl U5 ottt D10, (itukers; TRETHNG] §:287.522

E%g%?ﬂkﬁ%@?ﬁ@gﬁ%@f?ﬁ%ggﬁ%@ T KihilPShd BNfletdnshiel, Robert E.
Krieger Publishing Company, New York, New York 1977, which are all herein
fully incorporated by reference.
[0044] The preferred oxygenate to olefin reactor 22 is a riser reactor.
Riser reactors are generally described in Riser Reactor, Fluidization and Fluid-
Particle Systems, pages 48 to 59, F.A. Zenz and D.F. Othmer, Reinhold
Publishing Corporation, New York, 1960, and U.S. Patent No. 6,166,282 (fast-
fluidized bed reactor), and U.S. Patent Application Serial No. 09/564,613 filed
May 4, 2000 (multiple riser reactor), which are all herein fully incorporated by

reference.



fluidized bed reactor), and U S. Patent Application
Serial No. 09/564,613 filed WMy 4, 2000 (nultiple

WO c@enseseact or), which are all herein fully  PCT/US2003/028655
i ncorporated by reference. WO 2004/ 050589
PCT/ US2003/ 028655 -12 [0045] In the preferred
enbodi nent, a fluidized bed process or high velocity
fluidized bed process includes.a reactor, a
regenerator, and a recovery system [0046] The
r r 22 \ fer 11S £l uj .
PSS 75y b PRI RARGS, 3 ARldithd prifels BPhigh

ORelogity TRAdzéd B&! pfoeast @tlides anehctor, 8at@idrat®@dahd @recovery
zone wthin at |east one di sengagi ng vessel,
psEftemabl y conprising one or nore cyclones. |In one

e I ment, .the one ' t d

TRl v RSEES: 2 oEReioh AR R b recer
I RRQLA e8RS 8! firsF REEHST 6 WwithR! 8h&T0RRh¥reaRseP X ¥ALE ) Eand a
feed stream optionally with one or nore diluent(s),

i sedomd redctiob hencowshiarat hmsteoneidsengagieg vass¢lsprefanablp cahpasing
zeolite, zeolite-type nol ecul ar i eve catalyst,

SiOPF CAMAE TEPABED r%rp@ec%ﬁl%qdyg?mc i Iaﬂreo{ﬁse& &Rastpr(s) and
\rlrglﬁ%ié%klﬁf SESQf id Sonthilkd AHHEES sﬁgleofbﬁcl%m%efre Nfeedt Jﬁ%am,

ar- si eve catalyst conpositfon or coked version
t pesfeablyl 1 cxggemed fdd wirédm,aplibapliydwith og@sr more diluent(s), is fed
conmbi nation thereof, prior to bein% i ntroduced to the,
r ite e eneteeIegiser PaepE PP Which p @eolitg, Aeglitesty ppimolecylar sieve
met hanol ... apd th ' I per u . .
R A T R

prgtRiREl.Y TanoX ¥aBbdhRnf, 686 mabaganiels chiaBdt comPodifich or
reactor in the vapor formor the liquid form The

vapked vérsiomtbéreohis doatagtedt widen liggid ef @ns, e qombamatign thereof,
or feed st The feed st ' i qui.g.f

! SDE o Pl Tt hERd, e e ol S it A i et or

Ofméthﬁféﬂ,%ﬁaﬁ?é;%as% LAl adaRanahataky. or jointly with

a vapor fee ream to a reactor systemis in the
r §0@7] of f r dma. eimbuelimgbnt, ferfeed stream, givefstabBb anwixggranate feed

percent, preferably from about wei ght percent t
aBPERM7S fhie e scleaght o thervapes érr@r%% ligpishioxmo yther vapor
r a .
¢ S by BREEN Ll RPAIred B0 B0 S o B e DB R shiofn in
c ahd Kiuié dorinh Brrefefred Thas thediguill fead stvesnar The edosiitrefdimid feed

are preferably of simlar conposition, or contain o
v aH9IR dedepprtely gnioigly WHB asiaper fegd sigeant.dp @ipadiereyystem is in

gté n‘g Pag]gg gf‘?r%i?hl 6.i1 %e%glw ptepce}{fa{oy zlb%gt B %?é'htt ipnggntf) Lretfé}gbly from

about 1 weight percent to about 75 weight percent, more preferably from about 1
weight percent to about 10 weight percent based on the total weight of the feed
stream including any diluent contained therein. The liquid and vapor feed streams
are preferably of similar composition, or contain varying proportions of the same
or different feed stream compositions with varying proportions of the same or
different diluent compositions.

[0048] The feed stream, preferably an oxygenate feed stream, entering the
reactor system is preferably converted, partially or fully, in the first reactor zone

into an effluent stream that enters the disengaging vessel along with a coked



di fferent diluent conpositions. [0048] The feed
stream preferably an oxygenate feed stream entering

WO b@4/05658Ct or systemis preferably converted, Per/Usz03/§28655
or fully, in the first reactor zone into an effluent
streamthat enters the di sengagi ng vessel along with a
coked WD 2004/ 050589 PCT/ US2003/ 028655 - 13 nol ecul ar
sieve catal yst conposition. -in-the preferred
enbodi nent, particle size separators within the
di [ Y ' : I :
paRFRERE e (BEAR cAbFp T, TRCHe pRefBRRTLAbRIIRRRS piRicl size
meeparabiwitdia thendibdtighgihh @estcsaa dagipngl tozepeata satabist patcles
separate catal yst particles fromcatalyst fines i
e tiopn theeadtlpentsfream eppiaining org premaie @pEnEhadthyy e disengaging
preferred particle si g S, I S . .
s &t PR hieds Safef PR i b adTRscnpapgd i the
C afflenB tstrbaes .CyleRd 9] aré 3 adfefr¥d Qfali@cté Ssidd béamatée Cyclones
di sengagi ng vessel will also separate the catalyst
pgendrallyerstfin oatalybiepastidlésion tlo 9ot xstaim catelystrfinest hods f or

ST, 5 PR b S L R
t Q%aig"rsn{‘ §arti[cﬁeg |51%m| e WPBuSIRALIAEN tz)thetr hge®bdd P&%egarating the

stre s it leaves the reactor 22 conprises ethylene
aratalysopyrtieles frot¥the @iffhient strearreinchrle  th€Cidse @aplates, eaps, elbows,
wat er, _unreacted oxygenate feed stream and oxygenate
hﬁﬂﬁig&lfkﬁons. I n another enbodi nent, the reactor

f t st ' 0 1Y
! 2SS ] e
7QoMpriSesvathelene abd @rofiake Cabl ylefiiy) hethais, X9 pdrafihs, Gvater,

about 65 wt.% water expressed as a percentage of the
t GnEdacid esendte tfeed rsrganoenéf eXyigenate shyideensrbong.c o Fliangther

ta_anot her aspect of., the inventiaon her r

c SO LESE AEBEElar il S ROmpBike, M aPofl Dy oe to sbout
St70eg% WhRr, pWefetMly, Ofork abahty$3 w9 kO QbHRATS §4.% water; more
effluent stream including catalyst fines, expressed

agrefengblycizom abputt Hewhki tghaboutf 63 We % watst expresskd aeatpercentage
stream plus.entrai ned catal yst . conpri ses about 5 wt. %

o P TR ik She e Mttt susgily PAuSEing i foter Hpett of
prgs Bvakion, tRROME cAaWslaRs dnffitied BY B 1BRIG RIGMELRRY The

about 0.5 % or less. In another enbodi nent, the
weveggitt of tattlyet inahatepetdr effnarit stiearg, inaliding shtatyishBsgs, expressed

expressed as a percentage of t wei ght of the .
r @8 & R5HCBf 10? dshtverght oF thepreaetor ﬁ?fﬁ&iﬂh éfgeaeap syepfrained catalyst

g%g@%pg%fa)lpfoﬁf mbfg gg llJeth’ %Q&Qébwt u0 23R o Qesg, Whid preferably
about 1 wt% or less; even more preferably about 0.5 wt% or less. In another
embodiment, the weight of the catalyst, including catalyst fines, expressed as a
percentage of the weight of the reactor effluent stream plus entrained catalyst
comprises from about 0.00005 wt% to about 0.5 wt%; preferably; from about
0.0001 wt% to about 0.1 wt%.
[0051] In another embodiment, about 10 wt.% or less, preferably about 5
wt.% or less, most preferably about 1 wt.% or less of the catalyst fines in the

reactor effluent stream has a particle size greater than 40 microns, based upon the

total weight of catalyst fines in the reactor effluent stream.



0.0001 wt% to about 0.1 W% [0051] In another

enbodi nent, about 10 w.% or |ess, preferably about 5
WOR0xsnssd ess, nost preferably about 1 wt. % or PCEES2003/028655

the catalyst fines in the reactor effluent stream has

a particle size greater than 40 m crons, based upon

the total weight of catalyst fines in the reactor

effluent stream WD 2004/ 050889 PCT/ US2003/ 028655 - 14

[0052] In one enbodinent of the disengaging system

tgﬁysﬂgsenga % e SRYRHER dt NG # ?ecﬁseglﬁg%ﬁgr%gtgﬁln%élﬂﬁﬁéaging

1y aTower por on of I'ng’ vesse

| §ystend iddl iRk AQi#aPEingd Vesbé‘letyﬁicﬁllja Bileerzigod bEthe dicenaging
mol ecul ar sieve catal yst conposition is contacted

wivesselds gatrippprastoacabl hestripping zone dhbeakad inmeapar sieya ﬁ@talyst

”Eérf“aﬁ&%eorg AR E G grim b adTR | 1 ptf g ot Heam,
ﬁ%ecu%a@gﬁ&{ aﬁlw@h%arrﬁmléa Qitdpen COK A inert gas such as

r sieve catal yst composition that is then
| atgoad peefdrably tteemr egereoat i adsorteyshghocarbomsn fome the coked
enbodi nent the strippi ng zone.is in rate vessel

f MOMSCUIRE Siye <@, Fl icAgPOY %Fhag%ﬂ{eﬁéngg(iuqe t) e rrgengration

a h r I

v 8 S S URRGI 4 BBBE Yond PRl b om
t diseN@loiiPe vedselC el thdTphse B passed iag\eegsahaurlss tsuperﬁcml velocity
fﬁgﬁmﬁs' tion, preferably at an el evated tenperature

N onft fromoL hed bt 296160 lprrbbé%ply the ¥puEsoRk gas to

0 O ve the cQ = t

SRk T = SO DOBRR PP ot
e'f@?ﬁﬁ&‘ﬁﬂre‘ ﬁoﬁ%oﬁ@ﬂi@@tooiboﬁf G563 prefeR®E frb@adont 350°C to
within the reactor system is in the range of from
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specifically within the reactor system, varies over a wide range including
autogenous pressure. The conversion pressure is based on the partial pressure of
oxygenate in the oxygenate feed stream exclusive of any diluent therein.
Typically, the conversion pressure employed in the process is in the range of from
about 0.1 kPaa to about 5 MPaa, preferably from about 5 kPaa to about 1 MPaa ,
and most preferably from about 20 kPaa to about 500 kPaa.

[0055] The weight hourly space velocity (WHSV), particularly in a
process for converting an oxygenate feed stream in the presence of a molecular
sieve catalyst composition within a reaction zone, is defined as the total weight of

the oxygenate feed stream excluding any diluents to the reaction zone per hour per
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converting oxygenate to ol using a

sihetedipBlcuipormalipspiateenol ecul ar sieve catal yst
conposition, the process is gperated at a WHSV of at
| 48038120 hr In axdrigferrnpiabedine ob the PIAESNGIEVEERe an

'\’%&%‘é‘n%tes% Slce%me/s tu¥1ng C%z)al%nlo%ﬁgspthgénmolecular sieve catalyst
composition, the process is operated at a WHSV of at least 20 hr-1 and a
Temperature Corrected Normalized Methane Selectivity (TCNMS) of less than
0.016, preferably less than or equal to 0.01. See, for example, U.S. Patent No.
5,952,538 that is herein fully incorporated by reference.

[0059] Other processes for converting an oxygenate such as methanol to
one or more olefin(s) using a molecular sieve catalyst composition are described
in PCT WO 01/23500 published April 5, 2001 (propane reduction at an average
catalyst feedstock exposure of at least 1.0), which is herein incorporated by

reference.



0. 016, preferably less than or equal to 0.01. See, for
exanple, U S. Patent No. 5,952,538 that is herein
wo mokpsisezor porat ed by reference. [0059] O herPCT/US2003/028655

processes for converting an oxygenate such as net hanol

to one or nore olefin(s) using a nol ecul ar sieve

catal yst conposition are described in PCT WO 01/23500
publ i shed April 5, 2001 (propane reduction at an

average catalyst feedstock exposure of at |east 1.0),

' IS hergiunqi r per : nee. . :
\3,38%%50589 P 505T o%%gggﬁg 1%){’%‘8%%] Q&}hoéy%??so Jath, certain
ofmalecniar dievegcatelysy enmpositibns cdueds ¢usbomatdous elep@site or "coke" to

| ecul ar sieve catalyst conpositions causes .
cg’r‘-‘blén‘ab e8ude fapbstt SWolh equsieaed geferepes Q) Fig drfleperibing one
c .ref.ere ol
G iathen Bt (1E0b1 VGRS o EREE shecl ek smplashor coled

t hatadek edwithihacs! fdm i divéngaginglwsdel of tHeakador ZRt@REREbly by
is withdrawmn from a di sengagi hg vessel of the reactor

2 onepeleiare iyglopgs(slonelhsr coliedecatglystotrewels plonghéine gldednd is
tal yst .t.ravel s al on in 3 and is introduced into .,

ooty b8/ heRerdRl o’ By B FiPaseiion 21, HE' Eoedpatiyst i

Cabpta¥Rl with a fQBAGSIEOMBu, Prdf&aBINe! Sl BftalRAk Hg%gen, under

preferably a gas containi ng oxygen, under gener

r exgeerel mEermmtmondinditionsofltbmpenapee, gressere, priassderee tinred
resjdence tioe. . [0061] Non-limting exanpl es of the

r ﬁﬁﬁ‘ﬁir at i orﬁe SOLRe; ‘%‘ém’g“é Qfﬁ}ée FREeneIRon @Fglé%’gléhl,de one or
031000 : 5 [ i L di ki h.

ni%{l? ogeﬁxg’cgeg’ (gg%%%%%y? @éﬁé&ff& g% ’ ggﬁgllnlv\dg[lgérjd W%}mgm or
Pahehoh diexidE,c24en/4h3) wate (.S ParMONb d6;24 AT0Y) O6arbon monoxide
hydr ogen. The regeneration conditions are those
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naTER b b QRSB e Bidy EAIRITar s e Osiagient
MPefReil Has&l e tieatGhl SheightOBPOHEt tékddeMobdcuRg B¢ catalyst

regeneration system The coked nolkecul ar sieve
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t Retalyah&sm@sitfonom about 200C to about 1500C,

preferably from about 300C to about 1000C, nore
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KERR about 450°C to about 750°C, and most preferably from about 550°C to
700°C. The regeneration pressure is in the range of from about 15 psia (103 kPaa)
to about 500 psia (3448 kPaa), preferably from about 20 psia (138 kPaa) to about
250 psia (1724 kPaa), more preferably from about 25 psia (172 kPaa) to about 150
psia (1034 kPaa), and most preferably from about 30 psia (207 kPaa) to about 60
psia (414 kPaa).
[0063] The preferred residence time of a catalyst, including a molecular
sieve catalyst, in the regenerator 21 is in the range of from about one minute to

several hours, most preferably about one minute to 100 minutes, and the preferred
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are added to the regenerator 21 directly, or
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the burning of catalyst _including catalyst partjcles
i ANGIHENg eepiHETt aPRsHCloN 18y theuEsgsneraor el gaddugpy @ flue gas and
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gaatalyst A8dd. NEE Mg ddies GerBRAUS taugaedusWutud ef the regenerator 21.
il et ety Ll e
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i rAddidorfallye regencratad datalys firlee are egderkimatherfli@lgas[ap0déjve the
Once thg fl.ue gas and catal yst fines exit the
r GRS 21 al ong  line 50, they are optional Iy

Cqeb6y ' N a BRRULENEEZYGAd LA sEHRW it tHB %e%eﬁgraft(iru%l along

regenérated catal yst fines are renoved from

gdme $0 thep mebadiondiy covled inr e et reatlegigea(mdtystown). The
fines are renoved in a scrubber 52, A scrubber nedjum

s Uegrneied fatahypl Sesae SFpBYIch irer the HRe g3s- Jaione enybedpment, the

V‘@Egé'nera?éﬂ%%s\fvﬁ}lgg are 2mdvedSh 2 WBluBber 52. A scrubber medium, such

as an aqueous composition such as boiler feed water, quench water, or fresh water,
is fed into the scrubber 52 along line 53. The scrubber medium contacts the
regenerated catalyst fines in the flue gas and washes the regenerated catalyst fines
from the flue gas into a scrubber bottoms stream, which is conveyed along line 56.
The scrubber bottoms stream can be treated in a settling device according to the
principles of the present invention described below.

[0067] The burning of coke is an exothermic reaction, and in an
embodiment, the temperature within the regeneration system is controlled by

various techniques in the art including feeding a cooled gas to the regenerator
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[0070] The regenerated catalyst particles are withdrawn from the
regenerator 21 and returned to the reactor 22 along line 25. In another
embodiment, the regenerated catalyst particles withdrawn from the regeneration
system are returned to the riser reactor(s) directly, optionally after passing through
a catalyst cooler. In one embodiment, a carrier, such as an inert gas, vapor feed
stream, steam or the like, semi-continuously or continuously, facilitates the
introduction of the regenerated catalyst to the reactor 22 or reactor system,

preferably to the one or more riser reactor(s).
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r eth C&fySt in! | fhe lr8ackiBfi 9B gseﬁga(tiéqﬁ}g of a mixture of regenerated catalyst

and catalyst that has ranging levels of carbonaceous deposits. The measured level
of carbonaceous deposits thus represents an average of the levels an individual
catalyst particle.

[0074] As noted above, the reactor effluent stream leaves the reactor 22
through particle size separators and travel along line 24. The reactor effluent
stream optionally passes through a heat exchanger system 26. According to one
embodiment the heat exchanger system 26 comprises one or more heat
exchangers, preferably two to four heat exchangers, most preferably two or three

heat exchangers. Optionally, the heat exchanger system 26 cools the effluent
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quenching in a quench device 30, at least a portion of the reactor effluent stream
remains in a gaseous state. A portion of the reactor effluent stream condenses to
form a liquid fraction which is withdrawn from the quench device as a first liquid
stream, in one embodiment. The portion of the reactor effluent stream in a
gaseous state is separated from the liquid fraction.

[0077] The portion of the reactor effluent stream that is gaseous under
quenching conditions typically comprises light olefins, dimethyl ether, methane,
CO, CO2, ethane, propane, and any water and unreacted oxygenate feed stream
that is not condensed during the operation of the quench device 30. The

compounds in the reactor effluent stream, that are liquid under quenching
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stream and washes the catal yst ines into the Tiqui

f rsaparaed. byTtwedls dshdesctibgd dbdveafidri arheap I@kdiaﬁ%e@) ?ﬁiﬂi WStuench

fi . [.0078] According to one enbadi ment of the

p :rlggfgw[m YiG pateg Télg guench megdim 15 Mirodpecgta ahea@Teach tower
j e r.e ent

o FAEmPNEE ol B OG0l BBk AERRELR ot otBRfrure

i mnd the Rfffueny eiresie dewbiMatmp&anas at 8@ 1owewairbSuRSwithin the
descri bed above for a heat exchanger) with a quench
neleneh fower.hEhg quanrkymedigpeis inheduged incsuffeientyielunge to cause the

[ h t t te rature that
DO S CHERE Rl iR DL B L TR0
t erguek@htitl PortRMbiere dtbd M Mnt StrEARMPHAY cBRIAbes.

tce[aEer ature at the | owest pressure within the quench

t

9] The dueershembodiment, she iempetatee of rthe ujubndi eredium is

I e the reactor effluent streamto noyve )
Y T e aR SR mem, A o, Ermpeii 9 dhe Rapsuf G point
SuappaRturbf RYY taOr 8%171{5H€ lsth%ﬁ? Lp Eheel‘ofvx!egteﬁriess%%igiame quench

rapi dl y condenses. | ] I'n one enbodi ne

t elepeeandroaausss atsubstapteh portion oif tia water nebantvirt the repeesrelfifluent
medi um dew Qoi nt fenperature_and the aqueous dew point
t SHEAR AP Uo8dehset h erng%%.m@ﬂlfmuwrdé% Exppamathed of use, is

| SR SR (A I0eFHERED, SRR, \RAMEEYTE e

r ecact@reffhidnlt siegtm is introduced, such that the quench medium will fall within
the quench tower and be contacted with the reactor effluent stream as it, or
portions of it including the olefins in a gaseous state, rise through the tower.
[0080] The quench tower typically includes internal elements to facilitate
intimate contacting of the quench medium with the reactor effluent stream or
portions thereof, including liquid distributors and contacting devices such as
baffles, trays or structured packing. Intimate contacting with a liquid quench

medium facilitates drawing catalyst fines out of the reactor effluent stream, into a

free-flowing, dilute liquid phase and away from at least a portion of the olefins in



streamto condense. The quench medi um according to

one nethod of use, is introduced into the quench
walewios058¢ a | ocati on or | ocations above wher eP¢T®S2003/028655

reactor effluent streamis introduced, such that the

quench mediumw Il fall wthin the quench tower and

be contacted with the reactor effluent streamas it,

or portions of it including2the olefins in a gaseous

state, rise through the tower. [0080] The quench tower
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r dwet exchahgdrsientd s cealnherquepch tcdign tthatr 8ofecirculated into the

i ncl u%isn | iquid distributors and contacting devices

s JERn tog“ﬁéffl es, trays or structured packing.
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phase and away fromat least a portion of the olefins
i Aeqanerddamp sissgencly devieeT3 UsEhoBi eb@eB5cmtgdsesdis the quench

S T uench tao usual | y al i ncl ude ot her
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tower. [0081] In a particul ar enbodi nent, e quenc

maeroyated squeacte medium ismothderwrealoogiliver29. lhe reeeeedd quench
iUumi.s a rti.on of the er that has been

med t .

- SRsslih it PR ieat, Bisheneca oV e HOiTERA b g wepnch dasice 30.
r e dafish : which contains

at | eadgftapg%gcc)%?iwggﬁ%% %gﬂgg{%@d ?lﬁlﬁggxgs%é%ar at ed

f (@082]t he gaseonbngftd | ecrenembbdiareit,amd yeenchf Br 6edatb® under
as r(ﬁcoveri‘?ﬁ?&%ench medi um The recovered quench
nEERUHPRS S t Hifncenlesh gracesegasotherripatars dasy guengh device 30

q [ .S :CO0 [ at exchanger 31 and
SRR ARt TS el d6Bh S AR antom, beavy
medy gotates (OPi04arddhyday R@bhddetBbn @Y alchiisls)3Be rdj QAS2]
According to one enbodi nent, the quench i's operated
ut®@83]  condiAsi wried by, ahenchtiediends suppiedcdeng fas 33 to the

t n uench, device 30 where effl yent water

| QRIS S0 SR GNG SRUR 27 e U et eat and
OXt9ER dbRers (the teafieratlnd ITHRE Poacto® bANRAL stRlaBEbSo® the dewpoint
al cohols) are rejected. [0083] As noted above, quenc
netlithenieaeios effveniesireainotogednidamse 3he efluene strepne and fetey b dipuid

3Q. The .quench Lum contacts the reactor effluent
S?rlacétécm a’ﬂ‘&ehqmd Prgglon comprises tthe liquid components 1n the bottom of the

quench device 30 as well as any catalyst fines in the bottom of the quench device.
According to one embodiment, the weight of the catalyst fines in the liquid
fraction is about 5 wt.% or less, preferably about 2 wt.% or less, more preferably
about 1 wt.% or less based on the total weight of the liquid fraction. According to
one embodiment, the weight of catalyst fines in the liquid fraction is about 10 ppm
or greater based upon the total weight of the liquid fraction.

[0084] With reference to Fig. 2, the liquid fraction is withdrawn from the
quench device 30 along line 34 to form a first liquid stream. The first liquid
stream is transported along line 34 to a settling tank 36. A settling tank is a

separation device. A separation device is any device that separates solids from



rapidly lowers the tenperature of the reactor effl uent

stream bel ow t he dewpoint of the reactor effluent
wa@egamsBd condense the effluent stream and f oP@T/ES2003/028655

liquid fraction. The liquid fraction conprises the

l'iquid conponents in the bottom of the quench device

30 as well as any catalyst fines in the bottom of the

guench device. According to.xgne enbodi nent, the

wei ght of the catalyst fines in the liquid fraction
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septilieg itark 3feviAdesnativelyyudbe segdnkiangl detwiyse$inafnthnd scrubber

centrifugal separators such as a centrifuge. One
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Adlevice BAgtht combined strdaatismeRired tdws thetitst ligGdda¥ime i S

selected fromthe group consisting of clarifiers,
sjb&ﬁﬁng ta%,caé?éﬁﬁt§é¥eﬁlqrﬁ@emﬂég.frqﬂ@ thotlst, liquid stream by

fi QU e [ nsport to ag,.settling tank,
st g 80 chelisL A o b BB ol B Jru % ftine
ardnentraed eatalyeciing®ahd airkhigy 8¢ hEARR! TAE first 1RARVANRH: is the
along line 56 to settling tank 36. Alternatively, the

r Sigiidliaction resuitingfsom thewsdinentatioarafthe catalpstdinemin the settling
C ' wth |line,34. n regenerated, catal yst fines
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flocculent enhances the sittlfirllg itt" the catalyst fines to the bottom of the settling
tank 36. According to one embodiment, the time it takes for effective separation
with the flocculent is about 2.5 hours or less, preferably about 2.0 hours or less,
more preferably about 1.5 hours or less, most preferably about 1.0 hours or less.
Effective separation as used herein pertains to separation of a liquid portion from a
solid portion in a liquid/solid mixture. Effective separation occurs when a liquid

portion is isolated from the solid liquid mixture that contains about 1 wt.% or less

of the solids that were present in the solid/liquid mixture.



liquid fraction resulting fromthe sedi nentati on of

the catalyst fines in the settling tank 36. The
wa@oergentssat ed catal yst fines are w t hdrawn al oPQgr/UB1063/028655

40. [0086] To aid in the efficient renoval of catalyst

fines fromthe first liquid stream a flocculent is

added along line 38. Flocculent is defined as naterial:

added to a liquid and solids.gi-xture, which enhances

the density differences between the solid and |iquid

angdogAnce | NREQYER tBeoﬁe,e hﬁéﬂto'?h 'R&CH 1dT?fI‘ uot has a

fl occul ent enhance he settling of t e cat 1% es

t cnohbfmtlkanbn ofrmtﬁlylsm{énesehitl is s thantke fﬁﬁnceﬁ&ﬁ@cﬁrd bNEathlPst fines

one odiment, the tinme it takes for effective

s éBéli* ishHquidstrean hecapseoridthe settlings Im @@mmbo@rrmwlg flogculent

I refe a 0 ess

prqg ec;a? oﬁf‘c %‘@@{‘? p%lf'%r thlg it Cé:gfsént Isod Fatb‘F‘é? 8?1378?631} selected
alfesth theO ghﬁlpr Soi¥istingS Sf: pﬁyﬁ&?ldrﬂd&essecﬂﬁ HinthyAS abSRfhium
herein pertains to separation of a portlon from

a chigidedemelrlerobydrimanairiej and @itzmdllamﬁdmfmnaﬂ@hy@ fecti ve
tion ogccur en a li ortion is. isolat
£ TBRE 00 o GO dhndits ot pinPltifent %t 7ake 1 EBOHEERY of the
Wt
STYALRE BHES® 0 weldh? of e AechVAl el ARGhold o Bfich the

- 24vgnofd&ehleAt oulth mgo\tecdcxsng ebrbadosimndccuth@hén hkre flocculent
concentration of catalyst fines

tH%tf‘aC?eﬁi thards Terd o RGP ST d?veé%asaﬂgy@to N regsured
| bytE pl Gk of kP T BT AGRANS Guclor WA SELEN T NO. 10

I ment occul ent St oni e pol ymer .

Pr[ﬂﬂ&ﬂ] abl y, lthlaeﬁn‘st dqaid| flifuot $s aaﬂhafalv@nfr@mpthb)@éﬁﬁng device to
sel ected fromthe group consisting

pdPseseeondiligmid stepag. | 4pesrding ﬁ«y Ion%mmbmhmmt ¢het Isveldef catalyst

d_di
DB N o3 SRR Bl 6B e
Weh gibthef ethB&limend eeyislell dM@GalyP fnBE itV GRtorRef h(ilh@ aliquot is
flocculent is | ess than the anbunt at which the giveéen

f Isgetantiohy leess thansthienleyole vl wstalyst f@eeridotientrsy daxumt aliquot.

re floccul ent dded t S neede
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E%QJJ rma ﬁecond | éu d stream Accord| ng to one
e ment R e gphedigient, 4thg | spepnd diguids sireane e esveyrd to

| 'sg&ﬁr% ﬁ&rfdem%ﬁ $ihgabf |]5}1%r}§a't ?ﬁés %Jéasgﬁérgﬁ%dfﬁqrﬁ ttl%e second
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forming concentrated catalyst fines and a second liquid aliquot. The second liquid

aliquot is the liquid fraction resulting from the sedimentation of the catalyst fines
in the settling pond 44.

[0091] To aid in the efficient removal of catalyst fines from the second
liquid stream, a flocculent is added along line 46. The flocculent enhances the
settling of the catalyst fines to the bottom of the settling pond. According to one
embodiment, the time it takes for effective separation with the flocculent is about

2.5 hours or less, preferably about 2.0 hours or less, more preferably about 1.5



substantially less than the | evel of catalyst fines in

the first liquid aliquot. According to another
wenivaasesent , t he second |iquid streamis substBer/iustony028655

free of catalyst fines. According to another

enbodi nent, the second liquid streamis clarified.

[0090] In one enbodi nent, the second liquid streamis

conveyed to settling pond 44salong |line 42. The

catal yst fines are separated fromthe second Iliquid
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oris claggied. rbe thivddignidipreannfiows along line 48 sviwre theseaterlin further
one (%n;oegqi ment the f{?occul egt is a cationic polyner.
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[ 0092 he. second |iquid aliquot has a concentration
ofquc?%%hﬁa ?gfi‘ueﬂ ﬁfé%an%-h%e qpenghed efffueahstream sofvcthen pracsssed by

Ofwashing !ty $tmbd i b gui tream because
ot N shpb LR 08 SRR ST ARS8 e
wiréthdveawntef #sadestriteddeldw.i ng device to forma third
liquid stream According to one enbodi nent, the third

liquid stream is clarified. The third liquid stream
flﬁmc@iggggmlﬂﬁg lég where the water is further

p or safe release into the

eeoxpnent Ad 899 ghs AasiPiLudedus! kmdes GEBEA FdIf the quenched

reactor effluent streamis quenched to renove
c &ffepttrepmiaghefitst faetém byncantasting st finst fridtionewith an acid gas

A R T B A N
absorbents or adsorbents include amines, potassium carbonate, caustic, alumina,
molecular sieves, and membranes, particularly membranes formed of polysulfone,
polyimid, polyamide, glassy polymer and cellulose acetate. Solutions containing
amines and caustic compounds are preferred, with caustic compounds being more
preferred.

[0095] Aqueous amine solutions, which are useful in an embodiment of
this invention, contain any amine compound or compounds suitable for acid gas
absorption. Examples include alkanolamines, such as triethanolamine (TEA);
methyldiethanolamine (MDEA); diethanolamine (DEA); monoethanolamine
(MEA); diisopropanolamine (DIPA); and hydroxyaminoethyl ether DGA).



washing to renove acid gasses and alternatively other
oxygenates and drying to renpbve water as described
whedoansosBy oduct Wash and Drying [0094] An aci dPOBEBESWEaFR8655

is used to renove acid gas fromthe quenched effl uent
streamin the first fraction by contacting the first
fraction with an acid gas absorbent or adsorbent
according to one enbodi nent..-Jdxanpl es of such
absorbents or adsorbents include am nes, potassium
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suitable for_acid gas absorption. Exanples include

alkhé abruies modescperdifer pf equransiselutine it THEA)gmbodiment of the
rr%\h%{t-ghet hanol am ne (MDEA); di et hanol anine (DEA);
monoet hanol ani ne (MEA); diisopropanol am ne (DI PA);

af{dOﬁng I OXY AHIBHE tcBMJgaoﬁﬁd’s? WiliSthn MOWLAP 4 ORRSBR e, are
PCT/ U ge

2003/ 028655 Ef fective concentrations can ran
f radfalind compowids; ovlattoate 8ffentive sinabmaningeadié rgas Ifidne fan Oflefin

eous | ytion. [009 Pi per azj ne and/ or ) )
oEAt: h BT R o 'aﬂ’é’?ﬁl(swiEA?]"hc sl comaeendeoinsidesodim
arg | Wt : ] their absorption '
camgggxﬁét#ggg%fﬂg@emgggﬁ?i ves are included in the

ad 008y & ollotvirty awid gds teeating)deR desitablintoatmbi©RAERGAly entrained
0.04 to .about 2 nol esﬂoer liter of aqueous solution in
oA A 8| fglﬁrﬂueaﬁhqdh@f UERfy SHFRAITD HSINE 00 9VterCwasht. i (CConventional

c i a e in this inveption, are, ...
SPTEPHRLE cabll S 1, Reodfl’ bt MR B friconn
aovaterdiasn theQitefidhe@leeient stidafi@am Non-|im ting exanpl es

of such al kal i ne conpounds i nclude sodi um hydroxi de

an®Pbt assi dhisiptensiondurthgroodedesrol dppwnaiglrpiog ¢mpadiment. In

tealﬁ?;e%n%gginiletﬁt,i 2 scgjl‘riedS |0£ ?ialnﬁc‘l c‘ir(})fintgesrg/g%é?n ggrg lbg Iugg lcoI ¥emove water
and/or additional oxygenated hydrocarbon from the quenched effluent stream.
[0100] In the solid drying system, the quenched effluent stream having
been optionally acid gas treated and water washed, is contacted with a solid
adsorbent to further remove water and oxygenated hydrocarbon to very low levels.
Typically, the adsorption process is carried out in one or more fixed beds
containing a suitable solid adsorbent.
[0101] Adsorption is useful for removing water and oxygenated
hydrocarbons to very low concentrations, and for removing oxygenated
hydrocarbons that may not normally be removed by using other treatment
systems. Preferably, an adsorbent system used as part of this invention has

multiple adsorbent beds. Multiple beds allow for continuous separation without

the need for shutting down the process to regenerate the solid adsorbent. By way



material in the quenched effluent streamusing a water

wash. Conventional equipnment can be used. It is
waleaunsisBe, however, to further renove additi opel/US2003/028655

water fromthe quenched effluent streans. [0099] This

i nvention further includes an optional drying

enbodinent. In this enbodinent, a solid or liquid

dryi ng system can be used to.g7enove water and/ or

addi tional oxygenated hydrocarbon fromthe quenched
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In an enbodi ment of this invention, one or nore
adstexpth G (Aéabs tradename).

[0104] In another embodiment, the first bed is a 3.6A molecular sieve

capable of selectively removing both water and methanol. This bed can then be
followed by one or more 13X or active alumina beds as described above.

[0105] The adsorbent beds can be operated at ambient temperature or at
elevated temperature as required, and with either upward or downward flow.
Regeneration of the adsorbent materials can be carried out by conventional
methods including treatment with a stream of a dry inert gas such as nitrogen at
elevated temperature.

[0106] In the liquid drying system, a water absorbent is used to remove

water from the quenched effluent stream. The water absorbent can be any liquid



are arranged in series or parallel. In one exanple of
a series arrangenent, a first bed is used to renove
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series. As a specific exanple of one type of .
arrangenment, water is first .melectively renoved using
a 3A nol ecul ar sieve. This bed is then followed by one
Oreff@Rfife NRURnt A AIWHIAIABAE 28" oA est*e%ﬁﬁ Sﬁleiee%ﬂlée the water
adsor bents such as a larger pore nolecul ar sieve e.g.
1 3%sanbantos agolyiolbr aaléetod sacteas ethiriol or mkthahsla such as

d . [0104] | th

o ianc, BTy She pletia Eorh the easompfiscodircosiaauseless than
f ' [ fer d

2R 308" S Bk LATRARNPIER MBS, Al ooy ot mos

moprefefadly tess dahilvepsth UPreTarabydsssahasl @5 110 8ebpaP B Sethyl ether

[0105] The adsorbent beds can be operated at anbient
t dfpE¢ssayinetherstigam lepenatthel adsompamabedse mmse padernblydess than

' ' d.or d d.flow R i _
ool S S 5 G A U5 Yoy B 568 S o
C onaiHgl D0 AryinFBEIINES d dHiddbidfidstidafAt MeNt with a

streamof a dry inert gas such as nitrogen at
el evated tenperature. [0106] In the liquid drying

Syst a water absorbent is used to renove water

f +ﬁﬁi&é§ﬁ$@¥%hed ef fluent stream The water absorbent
cau1 any |Jygui 1 582 oR8n PSEaUS2003/ 028625
e? f e@i ve i nTHr}erlc%gSclY?gg@gf%%égf om gnﬁgl é;g F‘F}Jés?t?eé%énm 15 %urther

Prreéesseld| tp, isblae awmlt purify adosqpohents in Shé effielObtrédin, Yarticularly,
al cohol , sgch as, et hangl or nethanol. [0107]
Preg*fyé?n&blay t ROPBIeas-i n Fhewim are emams oweh- ergsovery systems,

c [ I m wat er , r i s
ororSiasy it Sekfhes BAPHES SSURERAEHEE GBBI®) and puritying
proddfe(Blih yhe driedl eiffiadmt dtrodi MReddk ey By obReSlly &brise one or
about 10 wppm dinmethyl ether is present in the st ream
| dRQIE Ry & Rembiagtiepof ervapieus sepasationp fratiorambipy algé&)s dlishlélatlon
a 5 pm. angd.nost preferably | ess than abqut )
it el BReGR br Pl faelon Soio i G csopiated
dle@ignfehefor Bxshple Mol QHU&HseRERQY 8k shah Q0 %&%@%ﬁ% sffems
olefin stream or olefin product streany I's rther

or chill trains, compressors, knock-out drums or pots, pumps, and the like.

—

[0109] Non-limiting examples of equipment used in a recovery system
include one or more of a demethanizer, preferably a high temperature
demethanizer, a dethanizer, a depropanizer, a wash tower often referred to as a
caustic wash tower, absorbers, adsorbers, membranes,’ ethylene (C2) splitter,
propylene (C3) splitter, butene (C4) splitter, and the like.

[0110] Various recovery systems useful for recovering predominately
olefin(s), preferably prime or light olefin(s) such as ethylene, propylene and/or
butene are described in U.S. Patent No. 5,960,643 (secondary rich ethylene
stream), U.S. Patent Nos. 5,019,143, 5,452,581 and 5,082,481 (membrane
separations), U.S. Patent 5,672,197 (pressure dependent adsorbents), U.S. Patent
No. 6,069,288 (hydrogen removal), U.S. Patent No. 5,904,880 (recovered



processed to isolate and purify conponents in the
effluent stream particularly, ethylene and

weeapysesse. There are nmany wel | - known recover yPEYESENE(28655
techni ques and sequences that are useful in separating
olefin(s) and purifying olefin(s) in the dried
ef fluent stream Recovery systens generally conprise
one or nore or a conbi natiomgaf a various separation,
fractionation and/or distillation towers, colums,
S PhbthhfdI%e hlrok bR bftPearb SAGLLRN i ¥1E Si0F) e PLOENo, 5.927,063
associ ated “equi prent for exanpl e varidus condensers,
helatcosrret angbaw] to ghy ivglenatpoasr piat)eaml U, Fakink No. 6,121,504
trains, conpressors, knock-out druns or pots, pu

A ITEHPPIRE ooyl SNidtiant M. i6eE7 los s piity olefons without

equl : e i e S include one o .
oy BTRRhoTE. A4 57 PRERL XoP b RhE B PRt bE Bl Rsprption).
dewkich ard lkfiereia felgf Madtipsted By @eRERPANI zer, a wash

tower often referred to as a caustic wash tower, _
at9&tHer s, ddewsrdbraccompanyizg st E’C(Evgdrﬁ nyﬁteErgZZ%s the production,
splitter ropyl en C3) splitter ut ene

spirbeBhe BroRnEtfien” oEhadditia | SUatFSeoRepypducts andior
S f f r j ] I .

ol AR g Wik G MENRd BRRCHTOARLE, Mhe) prefiped, prime
etirgdwente thepligigydlefive, sl asrethyetcenel propyldas cid Bedcally purified
U.fS. Pat ent . No. 5, 969, 643 (secondary rich ethyl ene
stiPBAH I Eff ratipe manplaqysing reeesses £3ch gs polynegizatignyprocesses.

5, AfRerdRl; [ :
o R OF BN PR RARRAUAAT L . sSeale Filem. g wsgpvery
Nasyst6m068o Z88uddry drmgidicati@Byaén. PoSexiapleNthdWight olefin(s)

5,904,880 (recovered WO 2004/ 050589 - 29
PEredused s tirydrslys e pameenate thplfisgprecessdare apassnd through a

THISTMTA TN A S
U[BL12Fat ent Mn-liditigl e:x@tbles 6f cOKAmBIARUSTA BB include

U S. Patent No. 6,121,503 (high purity olefins w thout
s gsaerety qrolasneampminds sneh Bs SvatPat aenhobip . cathox9B¢ 9@RIs, ethers,

i d ti,on).. which Il .herein _.
{ B RS R By PURE biesh PPt ipphine and
AGRRINARS Y OREr BRRAmIRARQ\WE 'by—p?’é/ﬁfcg(rﬂﬁclhée b B?%%ﬁ‘??ﬁd%mbm

generation or accumul ation of additional
bysugh archeetydenanuitihy] acetylerenproaadieneabotadiens bl bihigne.

r red pri products. The preferred prine
BJ@L‘?& s, t I@ngl W"?}Weﬁﬁt@}? §ﬁaéhm§§1d§t Ayregston ngystems, for
PreRMbRNGor AhE bYRi&RbA Y of u(gllefh'l(@ﬂ are described in Kirk-Othmer
Encyclopedia of Chemical Technology, 4th Edition, Volume 9, John Wiley &

Sons, 1996, pages 249-271 and 894-899, which is herein incorporated by
reference. Purification systems are also described in for example, U.S. Patent No.
6,271,428 (purification of a diolefin hydrocarbon stream), U.S. Patent No.
6,293,999 (separating propylene from propane), and U.S. Patent Application No.
09/689,363 filed October 20, 2000 (purge stream using hydrating catalyst), which
is herein incorporated by reference.

[0114] Typically, in converting one or more oxygenates to olefin(s) having

2 or 3 carbon atoms, an amount of hydrocarbons, particularly olefin(s), especially



for use in derivative manufacturing processes such as

pol yneri zati on processes. Therefore, in the nost
w@e@hiosesed enmbodi ment of the recovery system PEEUS2003/028655

recovery systemalso includes a purification system

For exanple, the light olefin(s) produced

particularly in an oxygenate to olefin process are

passed through a purificatiop_systemthat renoves | ow

| evel s of by- products or contam nants. [0112]

'\b&eﬁfg@j hb\ﬂﬂ l &H)oﬁ: %ﬂ)tn?gn %ﬁer%}ﬂg}&ﬁmﬁg %geu %orrsned or

inclu gen |y po ar conpounds such

al prothaded, Im&udmimyrlthe:r&ov&gx syethiebBthe ifRdnbion aﬁé(fed@tﬁ)n systems
anmoni a and ot her nitrogen conpounds, arsine,
phi§%s ﬁﬁlil‘f?étl%ﬁle marrt@rsr aingg Wi lnc'fbﬁ e&nent reanowithdrawn from

b d d b ch
aceBYRRHE’ or LORGHIT THEGE MBI Bro it Rt pE N afhdvery

bug&ﬁﬁ“nﬁ9§43] Clher recovery systens t hat incl ude

purification systens, for exanple for the

puﬁOil1$]c ati orinofnecﬂnéiqdn(lsr)t tharadefdepodirttestrem is passed through a
rk- & hmer  Encycl.opedi a of Ch cal Techno] ogy,

ERET G, VR OYIeIBb e i B9reety SpEbon SOpPIngiEy Bgeamts), in

2493830 Har2R thr896r S8R ca?&r?ﬁoﬁlsggéggrﬁ%&o agrg@% g@{;{%ﬁlg% d&r)éam In

reference. Purification syste

f athisesaghmydireent,Uh& C3Patydndcafion cofitathidg dRBn( Byakdet @bugina first
of _a diolefin hydrocarbon streanm, U S. Patent No.
6 fagBonafton ZREPratiGiRg gr apge Eichydrasarkanpadhe) C4tiydrocarbon

c%n%a@@%& ?{reﬁff Pl S8 § dljolgarborg % gtg%’rr% gtrefaltng %C/i g%srt:é) lalrough a

ur ge strea usi ng

vvl‘srecdshd iffichi@iation R0 rmruaingdabymaefeu eRgRocdrbinl 4hd a C5+
Typrcally, in converting one or nore oxygenates to
an@maﬁgng ztr@ﬁm 3 Télarfbomlamrsc on imdmmrbomS include

R0 B S ey S i, e

Oris¢Buifesar bon atons, and ot her by-products are forned

or roduced. Included in the recovery systens of the

i Ol on arkher edfiudndn sgymn engnoviedr fomnmyer tdongersioa  process,
produc contai ned within the effluent siream

Raﬁtbfr“ 1 SV ETRE 28 wrpr&FeSéoFxréraﬁlryn S Rdugor amount of
h
(BFACEboR BAUBECH 8% fokectibn Rlonk® THESBNTRY or TSR bons

sthagig 4 o1 maws edrionr dogh ia typiedigvier yn aysteniess aéucion gzelght
rocarbon cont ai ni ng strean(

ggﬁr%fq%{%hrﬁrf%raaydiﬁseé 3y ZhovVeghlaPyEtations rp@m)ably less than 20
th@éﬁQﬁﬂe&%ﬂt, ﬁr?c{]ﬁ%'strﬂr&gra%w R Bhar 75 weight percent, based on the total

weight of the effluent stream withdrawn from an oxygenate to olefin process,
excluding water. In particular with a conversion process of oxygenates into
olefin(s) utilizing a molecular sieve catalyst composition the resulting effluent
stream typically comprises a majority of ethylene and/or propylene and a minor
amount of four carbon and higher carbon number products and other by-products,
excluding water.

[0117] The preferred light olefin(s) produced by any one of the processes
described above, preferably conversion processes, are high purity prime olefin(s)

products that contains a CX olefin, wherein x is a number from 2 to 4, in an



this enmbodi nent, the C3+ hydrocarbon containing stream
is passed through a first fractionation zone

w@e@dosisey a crude C3 hydrocarbon and a C4+ hyPeDUS2008028655
cont ai ning stream the C4+ hydrocarbon contai ni ng
streamis passed through a second fractionation zone
produci ng a crude C4 hydrocarbon and a Co5+
hydr ocar bon contai ni ng stream;.The four or nore carbon
hydr ocar bons i nclude butenes such as butene-1 and

_b UL 8Git %reé?éff tg%‘i 2? e\%%f’ g##{r%lselﬁ ?grg#éraﬂgﬁ ’908\99% nore I%regerably

i sobut aries. Fream renpved

cogreatesthan 99rocks and nfoaf pieuhtdy hy 1693 thay S8R0 Wi0%, based on
ol efin process, typically has a m nor anmount of

I
hy e dRtal okt of e olgfin. Bhe nonte of dhedefins s peeferthly csmarte that

f hawi ng 4 or, re carbon ato LS ..
CyBAE RE Y 88T, AP deceoli B a6 PO O discussed
predlefably | ess than 25 wei ght percent, nore

preferably less than 20 wei ght percent, and nost
preferably |l ess than 15 wei ght percent, based on the

t ot.al & bof the effluent stream w t hdrawn from an
ox@-_ —8¥efin process, excluding water. In
Pa{Otl!lﬂm ar Wiy %ﬂl’l&fo%oféagtﬁ(ﬂlc @fs?erﬁé A035Y BB B recovery
into olefin(s) utilizing a nolecul ar sieve catalystr

cosystesi primarityheake elsulet ivalye efrbducentnd sbivesamtieypits dlighér value
conpri ses_a najori%g of et hyl ene and/ or propyl ene and
®

a PIPAS. Befosiamnds. the bt hydrdsarboandbuignghlernd: hvtsem?2 are used to

; t - t | udi .
neirned aROAN SRS B TP calbrPhaMC Lg  orBES SHPI ahpmicals,
byisethitylemeisafsed REmMpkOE @asine ad8i5ivs, HeHyROBMSlether, butadiene in

preferablz conversion processes, are high purity prine
ol &falsetizg hydspernation unih it conyentes into butae- bhed butenarPendibutane

X nu r, from2 to 4, in an WO 2004/ 050589

Pdﬁﬁﬁ%96553§98655 -31 anobunt greater than 80 w. %

priefegjabl y gﬂ&aﬁﬁﬁtixggﬁ @)Ehnggeé"@)f Poacti SysBingS BIaBRAE lower value
% an

greater than 95 wt. nost preferably no | ess than
ativoducgp and .copvdstidlen do highee tabieaprodetty hinclofle tThE. Patent No.

O e IT s Rt o) SR L e
f Qf,7’ﬂf,‘§75‘€g oFBiaRe aRP bt Fdéﬂ?y\}%ls? ?cﬁ arr gﬁ(ylatt)ee %?s\éﬁing, ®f $ Patent

Pr oduct Se [0118] Suita nown-react 1 on
syS¢.emP49.08T (Gimhdroatidhefreboykny), U.S. Patent Nos. 4,287,369 and

5,763,678 (carbonylation or hydroformulation of higher olefins with carbon
dioxide and hydrogen making carbonyl compounds), U.S. Patent No. 4,542,252
(multistage adiabatic process), U.S. Patent No. 5,634,354 (olefin-hydrogen
recovery), and Cosyns, J. et al., Process for Upgrading C3, C4 and C5 Olefinic
Streams, Pet. & Coal, Vol. 37, No. 4 (1995) (dimerizing or oligomerizing
propylene, butylene and pentylene), which are all herein fully incorporated by
reference.

[0120] Other uses for one or more olefin products are disclosed in U.S.
Patent No. 6,121,503 (making plastic with an olefin product having a paraffin to
olefin weight ratio less than or equal to 0.05), U.S. Patent No. 6,187,983
(electromagnetic energy to reaction system), PCT WO 99/18055 publishes April



systemprimarily take | ower val ue products and convert

themto higher value products. For exanple, the C4
whyenosEsbons, butene-1 and butene-2 are used POT/URBK®028655

al cohols having 8 to 13 carbon atons, and ot her

speci alty chem cals, isobutylene is used to neke a

gasol ine additive, methyl-t-butylether, butadiene in

a sel ective hydrogenation unif2.is converted into

butene-1 and butene-2, and butane is useful as a

f ugd, 1960 1Sy WoRrdchiboh iR s Al & & 6 %%8%&{3%&8%‘6@2&% WO

that take | ower value products and conver
hi G607 Maputdished dugust 2hclefdeand $1.SPRuRAE AWplication Serial No.

ouReLe fid duias i sueh prasspres, rP??%%Bni»%%%oaﬁaﬁal No,
DS SN > Sl AR WBhighays. P

U. SpplRatiemtSeNas Not, BB78549 and _F@erz%i, 8482001 (acetone co-fed),
(carbonyl ation or hydrofornulati on of higher olefins

wi Yhick afepdhherein diliiiaceupdraddryogémentaki ng car bony|
coRRHTT b5 ool digiiily s b el o, in one
' drpge 0 i : :
brocesc ot Charadra o risi-afh NSy, fn Plogiggyarions
Penolycieftsal(Seo/folr ex@iple bS. Phtdut 99%)icdttbinSuria Nog0%/615,376 filed

BT 260 ke 5B i poorporbist duinaiceencey r f ef ence.
i O s oot 1 re 7 EeriZefbn Bhfecis SR s Hoflh, BFMNESE S phase
plamgta lighvptdssian ppdcesd, or proogibiiatiba vidieofa MatidfdrypleRred is a

olefip weight ratio |l ess than or equal to 0.05), U S
P38 REARET 265 1urgy7pltags polyatesigatiarfpmetor snase elefip(s) ot least one of

L , /18055 .publ i shes Apri.l WO
2007 b bRy e Prelplieibod A0 auEanEs PriGesS Bl those non
hylithioiaar &mples dedcribedtinStHee BMdvatl:t ©.QNPLRAT Nc?‘s?‘c4,5’49,399,
PCT_ WO 01/60770 published August 23, 2001 and U. S.

Pt 3% 79Rp 310282 100 15, 3566034, MEH2,7499/6405, 824 T,4363D4) 4,453,471,

2548090, S0 BB SEER) i Tas SR AOPAIERY D

fS es;euﬂlt,ml@nhlﬂpem D99) 20@NEh_W. §'805’%9m1’-/@p§'§8‘}@?2%§ EP-B- 0
erial No. 09/785,409 filed February 16,

c &3t dd} desanibe gas phase polynegizetion probdsyes; ALSr R Mag. BP48.179

TSl 8395484, 6204344, 6239235 and 6,281,300 describe slurry phase
polymerization processes; U.S. Patent Nos. 4,271,060, 5,001,205, 5,236,998 and
5,589,555 describe solution phase polymerization processes; and U.S. Patent Nos.
3,917,577, 4,175,169, 4,935,397, and 6,127,497 describe high pressure
polymerization processes; all of which are herein fully incorporated by reference.
[0123] These polymerization processes utilize a polymerization catalyst
that can include any one or a combination of the molecular sieve catalysts
discussed above, however, the preferred polymerization( catalysts are those
Ziegler-Natta, Phillips-type, metallocene, metallocene-type and advanced

polymerization catalysts, and mixtures thereof. Non-limiting examples of

polymerization catalysts are described in U.S. Patent Nos. 3,258,455, 3,305,538,



[0121] In another enbodi ment, olefin(s) produced are

directed to, in one enbodinent, one or nore
w@oelogsrS8zat i on processes for produci ng vari OUBCT/US2003/028655

pol yol efins. (See for exanple U S. Patent Application

Serial No. 09/615,376 filed July 13, 2000 that is

herein fully incorporated by reference.) [0122]

Pol yrmeri zati on processes inclsgde sol ution, gas phase,

slurry phase and a high-pressure process, or a

COTRRN R 1720k Bt ey, BOBE hutog, 838105,

0l4e63N68s), 4721,B68s5t4,8T%E333, 4,960,241, £364,565, eN80ms66, 4,302,565,
propyl ene. Polynerization processes include those non-
1402 365, el s HAE10% 707 T oh B BT H20.865. 5.324,800,

P , s , 028. 6
o T o s a8t 50 o SO 5 e 03 5 3665 51534475,
5,562, PR9, 5. 556165, 65421, B3 276844808, 55 66D7 50185 688 6347 . 370,297,
5,668,228, 5, 712,352 and 5, 763, 543 and EP-A- "0 794

20071452705, 128 802, 3,028.8FR-5453,57789.769.209,ad7(EP3Bind05,770,664,
634 de i be phase | ynerization processes;.
U%ézﬁzerﬁ?’?%@a %?%484,2‘%7@40 gr’%zd,‘*éalsl,l s 4whighomg herein fully

64ﬁ§%g%§édq&qeéﬂggé,300 describe slurry phase

po rizatiron processes; U S. Patent Nos. 4,271, 060,
5,[0024]205, TIn2pfef&edl anbodimdnd9 tibd prekeac rihtatisal téhprkes a
phase pol ynerizati on processes; and U.S. Patent Nos.

3, Pebymeizmg progess of ege oumonLolghin(s) i presgrcesda polymerization
d ' .gh: pre . ynerization processes; all

of ot 8 rEh b Gizeoh KB R. oBB ARErE RS potvmer

[ @teRicts] ReteeiR Bhey SRS biZMbicOBleRARY BEVERS bbd Mad& bR converting an
pol yneri zation catalyst that can include any one or a
c gohahtnasticubarli methaple isingr a sieelie emredlijstype molecular sieve

di scussed above, h ver. the preferred polynerizatio
cAPRIE PR Phosd B ATasrres Ry PsT2a96R PORES e, a5 phase
MHoBlrh@ 606 pidiedd haf angeabiy BRe %_@C{h@%‘.@ﬁﬁgﬁfi is either ethylene or
pol yneri zati on catal ysts, and m xtures thereof.

Nomopyileriet iand prefemgiile shofpolypoéryaation zatdlyst syateal yss tas stperted
descr.ibed in U S. Paten s. 3,258, 455, 3, 305,538, WO
26’6%7‘%%%@%’18‘?? SE3e83/ é&%wm?@@@?fge&b%‘eﬁpoﬂed metallocene

8t SBT3 0ot B

4 286 Oary 4dctivdtoB 0 prediéiably 4 11R0 2chvdior 4s 30 Zhdm&ordinating anion or
4,302, 566, 4,124 532, 4,302,565, 5,763,723, 4,871,705,
5.20wp0xgae, of combigaion thersofy @uk mest3prefoay the activator is
5, gg%o)%%g, 5,408, 017, 5,491, 207, 5, 455, 366, 5,534, 473,

5, \ . 5,554,775, 5,621,126, 5,684,098, 5,693, 730,

S5,[6EX5] 634, Polifler?Ation conditions vary depending on the polymerization
process, polymerization catalyst system and the polyolefin produced. Typical
conditions of polymerization pressure vary from about 100 psig (690 kPag) to
greater than about 1000 psig (3448 kPag), preferably in the range of from about
200 psig (1379 kPag) to about 500 psig (3448kPag), and more preferably in the
range of from about 250 psig (1724 kPag) to about 350 psig (2414 kPag). Typical
conditions of polymerization temperature vary from about 0°C to about 500°C,
preferably from about 30°C to about 350°C, more preferably in the range of from
about 60°C to 250°C, and most preferably in the range of from about 70°C to



5,714,427, 5,728,641, 5,728,839, 5,753,577, 5,767,209,
5,770,753 and 5,770,664, 5,527,752, 5,747,406,
Wk 2@30584%5 and 5, 852,146, all of which are heretTus2008/§28655
i ncorporated by reference. [0124] In preferred
enbodi nment, the present invention conprises a
pol ynmeri zi ng process of one or nore olefin(s) in the
presence of a polynerization.zcatal yst systemin a
pol ynmeri zation reactor to produce one or nore polymer
r t1g00 ' ol ef i n( havi
PeaRE 130Gy o et BaBinRidorl bRkl P ARt potymer

mebdiag podubsl pg Houz &dbiebter HanZ230000t BsAy PEL, 300 BEMk R breferably
si eve catau%st conposition. The preferred

porpater theat P0G faste 45.040 Xaflu, ploss prefgyably rgzedtorathanr50,000
e BRETR2800 Y 805 Ry crried B3, o0 IosE 29,000

POKy/ey.i zation catal yst systemis a supported
net al | ocene catal yst system In this enbodi nent, the
sul9p36l ed nelhd pdymae proditcat] pytths pelyarericativr proessa described

support,, tal |l qcene or netal ] ocene-type conmpound )
oS nelg der ToV Rl §Pl e g6t | Jaibmere pstomers, high
NOJk: | :

PSP DO ERYLNG, 168 BRI, po L BAS BBl Rl FHTEE Bl Bhopyicne
al copokyamees. [ DHe2 plopytdngbasddz pblyaters @rstiueédmy Whar polymerization
dependi ng.on the polynerization_  process, _ )
poPiORRSEESz Hiclusls ataeti pelyprapyieas asaipotinepqippippylens, nsyndiotactic

! b Pl pPyo]

UGy he Blop ERERbETIoRk oP B sty

griea2®r t hanTahedtethIfR Rakd 56%/414&5 %Ee&h,deagigf & AR Yange of
00 ps

in the range of from about ig (1379 kPag) to
abisem 0s6@/qs5p §-73eas lePegight ayahgaordequiar fveright ity niimbethverage

PR Sl e B S R0 Pk b Sofi B 18 25 by e
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) preferably from abou
priafthe edyigy fiom 00¢ dgémigetodfo0 rdgrminabonglt HAE tanioABOIA2) (121 is

e RS B 5o o RS e ieton
{ N Rk bRRAfef thaR Oy BIBF ekl BLARPRRAnURS amount of

pol ymer =~ bel ng pro per “hour 1s greater than
290028] | bs/ Mrolyrhdrs 3f0dukgd Hyy) theppeliyaicaibition Broeesk efre i’dafil in

35,000 | bs/hr (15,900 _Kg/hr), nore preferably greater

t °yRh ggt’n@gg) operations as film, sheet, and fiber extrusion and co-extrusion as
well as blow molding, injection molding and rotary molding; films include blown
or cast films formed by coextrusion or by lamination useful as shrink film, cling
film, stretch film, sealing films, oriented films, snack packaging, heavy duty bags,
grocery sacks, baked and frozen food packaging, medical packaging, industrial
liners, membrgnes, etc. in food-contact and non-food contact applications; fibers
include melt spinning, solution spinning and melt blown fiber operations for use
in woven or non-woven form to make filters, diaper fabrics, medical garments,

geotextiles, etc; extruded articles include medical tubing, wire and cable coatings,

geomembranes, and pond liners; and molded articles include single and multi-



| bs/ hr (22,700 Kg/hr) and nost preferably greater than

75,000 | bs/hr (29,000 Kg/hr). [01261 The pol yners
w@e@dosss by t he pol ymeri zati on processes descP@bes2003/028655

above include linear |ow density polyethyl ene,

el astonmers, plastoners, high density polyethylene,

| ow density pol yet hyl ene, pol ypropyl ene and

pol ypr opyl ene copol yners. Thg _propyl ene-based

pol ynmers produced by the polynerization processes

in s | yar I IS [ . . .

ol oo Eflibn Dl 68 AR Woulcs0 SR80 frme holjgy articles, rigia

pr fooyl lcemeinearmm@dnoyspeteck or i npact copol ynmers. . [01271

Typi cal ethyl ene based pol yners have a density in the

&bt  f riemdditgegiocgolyelefnsg nugeroys otheyvel afint desived pomlucts

ra
(Vi R B b B RO B G i e R G pagpove,

QepartiiTE A icOfv bR FRIcGa e pAriBalatlylRAEN
”ggsafe%ﬁﬁy ASTM-D-1g§§?E in tﬁgﬂrangg fron$%§%%ﬂg%rhlro

dgpmaresst dhegctiglenbut, ara noe limited dexaldeltyides, (al&hbls? acetic acid,
1 is, nmeasured by ASTMD-1238-F) of from 10 to |ess .

t( ﬁ??aﬁ satphgy Pliias, vt yAogtafS 1?tﬁyﬂen%1)°dl‘?11°8%ﬁd§r aad erinylhghioride,

2 %tl&i@é&eﬁ’é, %ﬁﬁ/’lﬁﬁl kidl, SaEhe, tégr;@)g?pég aldoBdi2 §é‘roﬁe?¢, ﬁaﬁ‘l?lf tzhloride,

produced by the polynerizati ess afe use

s ugrhp¥lemeroxide,cqeylat acddysethleiid-propylehe aibbeandnd ab§lonitrile, and
ext.rusi on ﬁnd co-extrusion as well as bl ow nol di ng,

i NS YN HEeH A gthyirmer Broaylgneen bitylgaest i | ms i ncl ude

bl or c o] coextr.usi Qn _or .
L, 2o 3@%& E‘%ﬁeg@né h@%ﬁ‘gptf | r?]? | ‘H&e‘&Pﬁ FHC?%W%tb&‘ﬁ not
filimited aal drgvihg | 4R, eRhmpRt @tk fihleABsd SHaTKsRACKBHE NG more

heavy duty bagéh grocery sacks, baked and frozen food
pERkegiments aedie daventenr Rad)pregionilivditisg r Mehile the irerestion has been
me nes, etc. in.food-contact a non-food cont act
apl_gﬁigt%g d‘|Soaﬁs ;desfc’lrllkli’S‘il sﬁ)er?lﬂc &R chdglﬁ Ay HR8eSol Edtrss and
S pipplEdtnd AtclBd, iPhAMe bhPRENtAB G RriddNSE dralnaliS Skilllif the art
woven or non-woven formto make filters, diaper

f dbati the, inventicmabargde msad sin othen imskncése s, Othtc meelkficatidad and
articles include di cal tubing, wire and cabl e, )
cogPrRgQen S@éﬁﬁ%ﬂﬁgﬁsw 9%#’?@81&%85@@ iseopefdhevaasipn.
articles include single and nulti WO 2004/ 050589

PCT/ US2003/ 028655 -35 | ayered constructions in the
formof bottles, vessels, large hollow articles, rigid

food containers and toys, etc. [0129] In addition to
pol yol efi ns, nunerous other olefin derived products



are formed fromthe olefin(s) recovered any one of the
processes described above, particularly the

W@ 0WNOFES8DN processes, nore particularly the GICI/US2003/028655
process or MIO process. These include, but are not
limted to, al dehydes, alcohols, acetic acid, |inear
al pha ol efins, vinyl acetate, ethylene dicholoride and
vinyl chloride, ethylbenzeng,_ethylene oxide, cunene,
i sopropyl al cohol, acrolein, allyl chloride,

pr oxi de, acrylic acid, ethylene-propylene
ruggéi@,eand acrylonitrile, and triners and di ners of
etWelceng@: propyl ene or butyl enes. [0130] The foregoing
description of the invention including but not

| i Ivi t edA tppocdssafor digpasidg eattalypt enesrprodustee frd enl okygenate-to-olefins
illustrate one or nore g}ﬁmsnts of the invention

and ar &HON- | erﬂr??eﬁﬁcomlql%g §PHOENti on has been
i1l ust r(gs ed Q‘BVIHE'%CB_IIQQ(Q CftRleRt isRedn "HERi | SC{L@%r JRore, olefin

advant eatu and app |cat|ons ose

Wil | b@radmm(rs)g e feactar giElnsmstrodm beide ratryinskivith catalyishfines;
art that the invention can be used in other o )

i nst anc®s. qusashing Hie feaeter sHBleahgreamnior Brpengene digqpigdnfraction

mvont 1 50 © WSt Bl b AR G385 e Bhrb ety sty

Vi cl aififies landAhP Ga&RBEd EfTueti SiRAK ddenERind Hhe lonk bh @fore olefin
produced i n an oxygenate-to-olefins reactor, the

pr ocesspredinis);si ng t he steps of : (a) prOV|d|ng a

or oduct €L, aryiae FEMARY g 8 e seeise fyee.
entrai n@yl W 4dainzat Abcklent MBS i ul(lkﬁ)acﬂ&?%@' ng the

a
reactor effluent streamto produce a li'quid fraction

and a deencleegarefifig therchtabyist £vaw antl Hlectulentifcbnf thediquachfraction.
conprising the catalyst fines, and the quenched
ef fl uent stream conprising the one or nore olefin

product-g) nprgéé“s?s of bR g?(?vgd%gl 186 OCCQﬁ ot tﬂ&%btg{}ﬁtte i has a

separatio evi ce, Ing a ent

l'i qui d pariadé istie; grea@dr (thdn geplarcm(tnsn@atddeup@t athey sdtall et of
and flocculent fromthe liquid fraction. 2. The

pr ocesscalyst finesinthe ygastoppitluert siieamy or | ess of the

catal yst fines has a particle size greater than 40

m crons, based upon the total weight of

3. The process of any of claims 1 and 2, wherein the step of (e) separating
takes 2.5 hours or less for effective separation of catalyst fines and

flocculent from the liquid fraction.
4. The process of any of the preceding claims, wherein the weight of catalyst
fines expressed as a percentage of the total weight of the liquid fraction is

10 wt.% or less.

5. The process of any of the preceding claims, wherein the oxygenate is from

a process for converting a methane containing source to an oxygenate;

6. A process for making a polymer product comprising:



catalyst fines in the reactor effluent stream 3. The
process of any of clains 1 and 2, wherein the step of
W@ e)o4838y at i ng takes 2.5 hours or |ess for ePEBUBI008028655

separation of catalyst fines and flocculent fromthe
liquid fraction. 4. The process of any of the

precedi ng clainms, wherein the weight of catalyst

fines expressed as a percentage of the total weight of
the liquid fraction is 10 w.%or less. 5. The

Oxygenite i Sk i S pPREESR REEUR o MR Al iy o e

cont ai RiRGdiRRWIEMs;t O an oxygenate; 6. A process for
maki ng a pol ymer product conprising: WO 2004/ 050589

PCT/ USZ0)03/ pRB&%51zig7the ®he ob nadra iotefinopredest(siive eragiued pne or
product fromthe process of any of the preceding
cIainsP“FBPOQHF§REﬁP9§ng the one or nore olefin
product(s) to produce one or nore polymer products.

7. The process of any one of clains 1 to 6, wherein

t e seheatdess ceanyoaciof chimegind 6] Wherein tBe scfaentipn deess is a
of claim7, wherein the separation device is a
settliﬁ@ﬁﬂéﬁﬁce and is located in a wastewater

treatnment facility. 9. The process of claim7, wherein
the separation device is a settling device selected

f gom t M@eProeess 60818Ine 7 Mlleefn tleabpdriticr doviceeiktd defiing device
tanks, and settling ponds. 10. The process of any one

of t he apd écleditedjincd whsteyatoiesatnentdaciityos or | ess of

the catalyst fines in the reactor effluent stream has

a particle size greater than 40 mcrons, based upon’
the totmle Weedhbr Bhink 3t Mh¥&in fhenefarhiiod M&ideERG Ritling device
effluent stream 11. The process of claim 10, wherern

1 wt . %selected smnothetghapcansiktisg of ¢laigifiersnsetthiag tankacangy settling
ef fluent stream has a particle size greater than 40

m cron®Pbhsed upon the total weight of catalyst

fines in the reactor effluent stream 12. The process

of any one of the preceding clains, wherein the

f NOc culBetprocssof any one of the preceding claims, wherein 5 wt.% or less of

the catalyst fines in the reactor effluent stream has a particle size greater
than 40 microns, based upon the total weight of catalyst fines in the reactor

effluent stream.

11.  The process of claim 10, wherein 1 wt.% or less of the catalyst fines in the
reactor effluent stream has a particle size greater than 40 microns, based

upon the total weight of catalyst fines in the reactor effluent stream.

12.  The process of any one of the preceding claims, wherein the flocculent is a

cationic polymer.

13.  The process of claim 12, wherein the flocculent is a cationic polymer

selected from the group consisting of: polyacrylamides, diallyldimethyl



cationic polynmer. 13. The process of claim 12, wherein
the flocculent is a cationic polyner selected from

WO b@4@s38p consi sting of: pol yacryl am des, PCT/US2003/028655
di al | yl di met hyl WO 2004/ 050589 PCT/ US2003/ 028655 - 38
amoni um chl ori de, epi chl orohydrin-am ne, and
di candi am de- fornmal dehyde. 14. The process of any one
of the preceding clains, whergi.n the weight of the
catalyst fines in the liquid fraction is 5 wt. % or

less b t al [iguid o
fracti ﬁﬁgiré%%héﬂgorr%%ésse%%ﬁér?ﬁi 8)ﬁf{}lﬂl\%herag’lﬂn liggndiamide-
wei ght fofméilaenydst al yst fines in the liquid fraction
is 2 w.%or less based upon the total weight of the
I [ qU| d fraction. 16. The process of claim15, wherein
ht of th cat al fines in the ui d .

v ofte 0sess P afigpty dobe prbEfing RS whsrdlh gisht of the
Of the dakdipht Gined [P IRMd Ectioh™8 PHRIEESISS bé‘ste@'uﬂbﬂ@he total
wherein the wei ght of catalyst fines in the liquid
fracti omeight df@hplpidfragii@at er based upon the total
wei ght of the liquid fraction. 18. The process of any
of the preceding clains, wherein the ratio of the

wejght pipf Lto@ C?% 314 RSS! Be tv%? Wfqgé ﬁ{&% E0fnes i in the
fI occul ent? ess n ’t he  anount e gl ve
f | occullgid rfxesmdnt 18 2 wt.over Besbargd u@&; th’éhetan)rvmgeﬁs)f@ﬁe hquid
claim 18, wherein the tinme it takes for effective
separatﬁr@tﬁmnwth the flocculent is 2 hours or |ess.
20. The process of claim 19, wherein the tine it takes
for effective separation wth the flocculent is 1.5
horg.s OThd Fe8ess \UP 4R 9)SPREEInREd M Q3/1R? 888 st BRes in the
21. The process of claim20, wherein the time it takes
for ef flapid Vracsepir hiwtda orviesshbaskd ofi| the tathlewtight of the liquid

hour or_.| ess.
fraction.

17.  The process of claim 16, wherein the weight of catalyst fines in the liquid
fraction is 10 ppm or greater based upon the total weight of the liquid

fraction.

18.  The process of any of the preceding claims, wherein the ratio of the weight
of the catalyst fines to the weight of the flocculent is less than the amount

at which the given flocculent results in overdosing.

19.  The process of claim 18, wherein the time it takes for effective separation

with the flocculent is 2 hours or less.

20.  The process of claim 19, wherein the time it takes for effective separation

with the flocculent is 1.5 hours or less.



WO 2004/050589 PCT/US2003/028655

-39 -

21.  The process of claim 20, wherein the time it takes for effective separation

with the flocculent is 1 hour or less.



